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Functional performance considerations such as consistent gas transfer, 
heat exchange and defoaming have always been our highest objectives, and to 


insure consistently excellent performance case after case, we performance-test 
oxygenators from every lot we ship. 


There are many new, yet-to-be-proven oxygenators on the market. The most proven, 
un-new oxygenator that will give you consistent total performance is the Shiley 100A. 


Shiley Sales Corp. 


s 17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0504 
(800) 854-3683 


an integral member of the open heart team Cable: SHILEYSLSIRIN 
Telex: 68-5585 


Mailing Address: 


"Patents 4,065,264 & 4,067,696 P.O. Box 11707 
Other patents pending 1978 Shiley Sales Corp. Santa Ana, California 92711 
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Soft-tension bull- | 
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trauma to the 
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Double angle shape 
allows the clamp to lie | 
flat in various periph- 

eral procedures. 
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And one more name: 
Classic. It’s on these newly 
designed instruments 
because they have joined 
our line of 130 highest” 
quality vascular clamps. 
Like the others, they are 
individually tested to assure 
you that they will live up 
to the standards of all 
Classic* Instruments. 


And like the others, they 
are waiting and ready for 
immediate shipment to you. N 
Call us. We’ll send you the 
complete catalog. Codman, 

Randolph, Mass. 02368. 
800-225-0462. 
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PROLENE suture continues to prove its clinically important 


Monofilament smoothness, 
strength, pliability, knot seturity and resistance to 
fatigue-induced fracture. In 
only a minimal tissue reaction and does not harbor bacteria. 
PROLENE suture retains fn vivo tensile strength after 
prolonged implantation eyen in the presence of infection. 


“ETHICON ` 


INDICATIONS — PROLENE Polypropylene Suture, U.S.P. may be used wherever Nonabsorbable Surgical Suture, U.S.P. is recommended. Due to its relative 
biological inertness, it is recommended for use where the least possible suture reaction is desired. As a true monofilament, PROLENE Porrpropy tens Suture, U.S.P. 
resists involvement in infection and has been successfull ‘employed in contaminated and infected wounds to eliminate or minimize later sinus formation and suture 
extrusion. Because of its lack of adherence to tissue. PROLENE Bite gate Suture, U.S.P.. is efficacious as a pull-out suture. CONTRAINDICATIONS — 
There are no known contraindications. WARNINGS — Unused PRO NE Pol ee Sutures which have been removed from their package maybe resterilized 
no more than three times by the standard steam autoclaving method (250°F for 30 minutes) without loss of strength. Unopened suture E aeie ya should not e 
resterilized by steam autoclave. PRECAUTIONS — As with other synthetic sutures. knot security requires the standard surgical technic of flat an square ties, wi 
additional throws if indicated by urge! circumstance and the experience of the operator. ADVERSE REACTIONS — Transitory local inflammatory reactions ø 
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denotes a special hardening process 
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Tougher instruments. Smoother 
surfaces. And longer-lasting 
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factures all of its own instruments. 
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quality, time after time. 
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O SIMPLIFY 


Instead of complicating your 
pacing decisions, 
MICROLITH-P’s sophisticated 
technology has simplified 
programming and follow-up. 


Program any rate from 30 to 
119 ppm. 

Program any pulse width from 
0.1 to 1.9 ms. (.05 ms also 
available). 


MICROLITH-P provides 
unparalleled opportunity to 
respond to changing needs, yet 
because of its digital design, is 
simple to program. 





CPI’s custom CMOS circuitry 
and quartz crystal timing provide 
a rate so stable that your patient 
paces exactly as programmed — 
not even 1 beat off — for the life 
of the pacemaker. And all other 
pacing parameters are equally 
precise. 


MICROLITH-P’s solid-state 
digital accuracy simplifies 
programming and follow-up for 
you by eliminating guesswork 
regarding pacing rate, proper 
energy safety margins and 
elective replacement status. 


MICROLITH-P technology 
enhances reliability in ways that 
are important to you — phantom 
programming protection, 
immediate program verification, 
runaway protection, and other 
state-of-the-art features which 
keep MICROLITH-P the leader in 
programmable pacing. 


For further detai 
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The open chest. 


Another opening 
for staph? 


erative surgical infections 

eplacement: a procedure that can at 
stain life and predispose to infection. 

gh identification of the infectious 

5m may be difficult, a delay in treatment 

esult in invasion of the endocardium. 

plicated organism may be a penicillinase- 
ing staph. Progression can be swift 
astating. 


ntistaph therapy: injection 

ily important that effective treatment of 
al invasion begin as soon as possible. 
uspect the presence of.staph and must 
herapy before definitive culture results 


wn, Injection Unipen® (nafcillin sodium) +t 


is a particularly suitable agent. 


Appropriate specimens for bacteriologic 
studies to determine the causative organisms 
and their susceptibility to nafcillin should be 
taken prior to the first dose of antibiotic.t And, if 
those studies subsequently implicate organisms other 
than penicillinase-producing staphylococci sensitive 
to nafcillin, discontinue it and administer the appro- 
priate antibiotic. 


Rapid penetration 

Unipen appears rapidly in plasma following 
intramuscular administration. Penetrates body tissues 
in high concentrations and diffuses well into pleural, 
pericardial and synovial fluids. 








“On call” capability 
Reconstitutes in less than 60 seconds. Remains 
stable for 24 hours.+ 


Follow-up therapy: oral INS OaE@) NOANIDEO@)ni-A\m 


Unipen (nafcillin sodium) is available in tablets, 


capsules, and oral solution as well as the parenteral ® 
form. The injectable form should be used initially 
in severe infections. And as soon as the clinical 


condition warrants, oral forms of Unipen allow you 


to continue antistaph therapy with the same anti- (nafeillin sodium 


biotic in a form more convenient to patients. 
N: as the monohydrate, buffered, Wyeth 


Nafcillin-susceptible penicillinase-producing staphylacben. Wyeth Laboratories 


See Important Note on next page. l Philadelphia, Pa. 19101 






See important information under Parenteral Administra- 
tion on next page. 


See important information on next page. è 


Unipen | 
(nafcillin sodium 


AS THE MONOHYDRATE BUFFERED WYETH è 


Disc Susceptibility Tests: Quantitative methods that require mea- 
surement of zone diameters give the most precise estimates of anti- 
biotic susceptibility. One such procedure* has been recommended 
for use with discs for testing susceptibility to penicillinase-resistant 
penicillin-el@ss antibiotics. Interpretations correlate diameters on the 
disc test with MIC values for penicillinase-resistant penicillins. With 
e this procedure, a report from the laboratory of “susceptible” indi- 
cates that the infecting organism is likely to respond to therapy. A 
report of “resistant” indicates that the infecting organism is not 
likely to respond to therapy. A report of “intermediate susceptibil- 
ity” suggests that the organism would be susceptible if high dosage 
is used, or if the infection is confined to tissues and fluids (e.g., 
urine) in which high antibiotic levels are attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by 
a Standardized Single-Discs Method. Am. J. Clin. Pathol., 45:493, 1966: Stan 
dardized Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase-producing staphylococci, 
it may be used to initiate therapy in such patients in whom a staphy- 
lococcal infection is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to Unipen should be performed. 

In serious, life-threatening infections, oral preparations of the peni- 
cillinase-resistant penicillins should not be relied on for initial therapy. 


Important Note: When it is judged necessary that treatment be ini- 
tiated before definitive culture and sensitivity results are known, the 
choice of Unipen should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteriology 
report later indicates the infection is due to an organism other than a 
penicillin G-resistant staphylococcus sensitive to Unipen, the physi- 
cian is advised to continue therapy with a drug other than Unipen or 
any other penicillinase-resistant semisynthetic penicillin. 

Recent studies have reported that the percentage of staphylococ- 
cal isolates resistant to penicillin G outside the hospital is increas- 
ing, approximating the high percentage of resistant staphylococcal 
isolates found in the hospital. For this reason, it is recommended 
that a penicillinase-resistant penicillin be used as initial therapy for 
any suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar to 
that of Unipen against penicillin G-resistant staphylococci. Strains of 
staphylococci resistant to methicillin have existed in nature and it is 
known that the number of these strains reported has been increasing. 
Such strains of staphylococci have been capable of producing serious 
disease, in some instances resulting in fatality. Because of this there is 
concern that widespread use of the penicillinase-resistant penicillins 
may result in the appearance of an increasing number of staphylococ- 
cal strains which are resistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all other 
penicillinase-resistant penicillins (cross-resistance with cephalosporin 
derivatives also occurs frequently). Resistance to any penicillinase- 
resistant penicillin should be interpreted as evidence of clinical resist- 
ance to all, in spite of the fact that minor variations in in vitro 
sensitivity may be encountered when more than one penicillinase- 
resistant penicillin is tested against the same strain of staphylococcus. 


Contraindications: A history of allergic reaction to any of the penicil- 
lins is a contraindication. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphylac- 
toid) reactions have been reported in patients on penicillin therapy. 
Although anaphylaxis is more frequent following parenteral therapy 
it has occurred in patients on oral penicillins. These reactions are 
more apt to occur in individuals with a history of sensitivity to mul- 
tiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersénsitivity reactions who have experienced severe hypersensi- 
tivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of Unipen (nafcillin sodium) ther- 
apy considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 

Precautions: As with any potent drug, periodic assessment of organ- 
system function, including renal, hepatic and hematopoietic, should 
be made during prolonged therapy. 


The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term theeapy. If overgrowth of resistant orga- 
nisms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possibility of thrombophlebitis. 


Adverse Reactions: Reactions to Unipen have been infrequent and 
mild in nature. As with other penicillins, the possibility of an 
anaphylactic reaction or serum-sicknesslike reactions should be con- 
sidered. A careful history should be taken. Patients with histories of 
hay fever, asthma, urticaria, or previous sensitivity to penicillin are 
more likely to react adversely. 

Transient leukopenia, neutropenia with evidence of gran- 
ulocytopenia or thrombocytopenia are infrequent and usually associ- 
ated with prolonged therapy with high doses of penicillin. These 
alterations have been noted to return to normal after cessation of 
therapy. 

The few reactions associated with the intramuscular use of Unipen 
have been skin rash, pruritus, and possible drug fever. As with other 
penicillins, reactions from oral use of the drug have included nau- 
sea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration: It is recommended that parenteral ther- 
apy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical con- 
dition warrants. Very severe infections may require very high doses. 


Intravenous Route: The required amount of drug should be di- 
luted ir 15 to 30 ml of Sterile Water for Injection, U.S.P., or Sodium 
Chloride Injection, U.S.P., and injected over a 5- to 10-minute pe- 
riod. This may be accomplished through the tubing of an intra- 
venous infusion if desirable. 

Stability studies on Unipen at concentrations of 2 mg/ml to 40 
mg/ml in the following intravenous solutions indicate the drug will 
lose less than 10% activity at room temperature (70°F.) or, if kept 
under refrigeration, during the time period stipulated: 


Stability at Room 
Temperature Refrigerated 

Sterile Water for Injection 24 hours 96 hours 
lsotonic sodium chloride 24 hours 96 hours 
5% dextrose in water 24 hours 96 hours 
5% dextrose in 0.4% sodium 

chloride solution 24 hours 96 hours 
Ringer's solution 24 hours 96 hours 
M/6 sodium lactate solution 24 hours 96 hours 


Discard any unused portions of intravenous solutions after 24 
hours if kept at room temperature or after 96 hours if kept under 
refrigeration. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen. The concentration of the antibiotic 
Should fall within the range of 2 to 40 mg/ml. The drug concentrate 
and the rate and volume of the infusion should be adjusted so that 
the total dose of Unipen (nafcillin sodium) is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent 
in neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular Route: The clear solution should be administered 
by deen intragluteal injection immediately after reconstitution. After 
reconstitution, keep refrigerated (2°-8° C.) and use within 7 days 
or keep at room temperature (25° C.) and use within 3 days. 


Oral Administration: Beta-hemolytic streptococcal infections should 
be treated for at least 10 days to prevent development of acute 
rheumatic fever or glomerulonephritis. 

lf oral therapy is inadequate, resort to parenteral Unipen. 

After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg, 
l gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively 2, 4 or 8 ml of nafcillin sodium solutjon equivalent 
per mi to 250 mg nafcillin buffered with 10 mg sodium citrate. Film- 
coated TABLETS—containing nafcillin sodium as the monohydrate, 
equivaent to 500 mg nafcillin buffered with calcium carbonate. 
CAPSULES—containing nafcillin sodium, as the monohydrate, 
equivaent to 250 mg nafcillin buffered with calcium carbonate. FOR 
ORAL SOLUTION—Bottle of dry nafcillin sodium as monohydrate— 


powder for reconstitution to provide 100 ml of solution containing r 


nafcillin sodium equivalent to 250 mg nafcillin per 5 ml. 
WYETH LABORATORIES, PHILADELPHIA, PA. 
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* Several years ago, we introduced the Datascope 


Systém 80 Intra-Aortic Balloon Pump. Since that 
time it has proven itself to be the most reliable system 
in the world. 

We just improved on it. With the new Datascope 
System 82. 

The System 82 is dramatically simpler to 
understand and to operate. Setting two prominent 
slide controls is essentially all that is needed for 
proper adjustment. 

To test its simplicity, we gave it to nurses who had 
never seen it before. With no instruction whatsoever, 
they were able to understand and adjust each control. 

The System 82 is 50% quieter than its predecessor. 

It utilizes a revolutionary Electrosurgical 
Ipterference Suppression Module, ESIS. In most 

ases, this device virtudlly eliminates RF 
interference due to electrocautery. Which means a 
more reliable triggering signal. 

We’ ve also improved the monitor itself. We made 
it non-fade. Which gives it a clearer, more effective 
display. So you not only get a better display of patient 
data, but also of system control signals. 

But we @idn’t change everything. We’ve kept 
many of the things that made our System 80 so 
successful. R 

We havent changed the unique Datascope 
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CONTROL 
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Dual-Chamber Balloon.* In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 . 
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The lonescu-Shiley Pe dial Xenograft soian of 3 equal 
cusps mounted on a Smacnatiical stent covered with Dacron* 
cloth. The tissue selected for mounting meets exacting specifi- 
cations for uniformity in thickness. Individual cusp shape is 
accurately determined by a precise pre-cut pattern of pericardial 
tissue. The fabrication technique produces uniformity and 
consistency in valve function so that a full-open, symmetrical 
flow orifice is created even at low flow rates, as depicted in the 
photos shown. For information on comparison studies of the 
lonescu-Shiley valve to other tissue valves, please contact your 
Shiley representative or call: 


Shiley Sales Corp. 
17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0504 

(800) 854-3683, -3684 
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EDITORIAL 


Multiple Primary Bronchial Carcinomas 


T. W. Shields, M.D. 


Multiple synchronous and metachmnous pri- 
mary lung tumors are being recognized with 
greater frequency than previously reported. 
When they are found as separa-e primary 
tumors, definitive resectional therapy is possi- 
ble in some patients. 

The actual incidence of synchroncus primary 
lung tumors is difficult to determine, but the 
risk of multiple metachronous primary lung 
tumors appears to increase with th2 selectivity 
of the patient population under consideration. 
When the entire population with carcinoma of 
the lung is observed, approximately 0.5% of the 
patients will have a second primary lung tumor 
diagnosed before death. When the population 


_is limited to those patients who undergo resec- 


tion, the risk increases to about 2“. and when 
only long-term survivors are considered, it ap- 
proaches 10%. 

Even though Salerno and asscciates (p 3, 
this issue) observed in their experience that 
most of the second primary lesions were dis- 
covered within two to four years afer the.initial 
resection, the data from the Veterens Adminis- 
tration Surgical Adjuvant Group indicate that 


_ most of these lesions are seen ater the fifth 


year. Among 535 five-year surv vors, a sec- 
ond primary lung tumor was noted in 41 pa- 
tients. It was found in only 10 before the end of 
the fifth year and in 31 after the fifth year. In a 
later study of 257 patients who hac survived ten 
years, 25 new lung tumors were id=ntified; only 
1 before the end of the fifth year and the other 
24 after that date. In the patient population re- 
viewed, new primary lung tumors continued to 
be identified as long as sixteen years after the 
initial operation. These data suggest that the 
development of such a lesion may be expected 
to be observed until the entire population 
under observation has died. 

Although it is difficult, if not Impossible in 
most instances, to rule out the sezond lesion as 
being metastasis from the first, the clinician 
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must make a decision betweenetfe two alterna- 
tives so that appropriate. therapy can be rec- 
ommended to the patient. a 

A number of factors should be considered in 
judging whether synchronous lung lesions in 
ar. untreated patient are separate primary lung 
tumors or whether a newly discovered meta- 
ckronous lesion in a patient who has undergone 
a previous successful pulmonary resection is 
irdeed a new lung primary tumor. These fac- 
tcrs are the cell types of the lesions, the ana- 
tcmical location of each lesion, the time interval 
between the discovery of the two lesions. and 
the presence or absence of associated metastatic 
disease. Once it is decided that the secord le- 
s.on is a new primary tumor, surgical therapy 
can be recommended if the lesion is confir.ed to 
tre lung and if the physical status of the patient 
permits a therapeutic approach. Unfortunately, 
in patients with a newly discovered meta- 
chronous lesion and in whom a previous resec- 
tion has been done, either the pulmonary status | 
cr the extent of the new disease precludes re- 
cection in almost two-thirds of these individu- 
als. 

When resection is possible in a patien: with 
synchronously discovered lesions, simultane- 
nus resection can be accomplished at the initial 
choracotomy if the lesions are located in the 
same lung. When the lesions are bilateral, 
staged bilateral thoracotomy can be performed. 
Occasionally, if the anatomical locations of the 
two lesions are appropriate, simultaneous 
bilateral resection may be carried out through 
a median sternotomy. Regardless of the ap- 
proach, each resection should be commensurate 
with the extent of the disease in each lung but 
also as conservative of lung tissue as possible. 

In a patient with a metachronous lesion and 
in whom the previous resection, was of lesser 
magnitude than a pneumonectomy, a comple- 
tion pneumonectomy is advised when the 
metachronous lesion occurs in the remaining 
lung on the side of the initial resection; a 
lobectomy or lesser procedure may be consid- 
ered for a lesion in the contralateral lung. When 


. l 
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the initial. procedure was a pneumonectomy, a 
wedge resection or, at most, a segmentectomy 
may be done to remove a contralateral lesion; a 
lobectomy is contraindicated. | 

The postopéiative thirty-day mortality after 
resection of a metachronous lesion is higher 
than in the standard population, but when the 
resection is successful, it is followed,by satis- 
factory survival. Even long-term survival may 


be anticipated, as pointed out by Salerno and 
his colleagues. 

To salvage as many patients as possible, it is 
suggested that the initial pulmonary resection 
be as conservative as the extent of disease al- 
lows, tha: the patient be seen three to four 
times a year for examinations, and that the pa- 
tient be advised to stop smoking at the time of 
discoverv of the initial lung tumor. 


ORIGINAL ARTICLES 


Second Primary 


Ln 


Bronchogenic Carcinoma: 


Life-Table Analysis of Surgical Treatment 


Tomas A. Salerno, M.D., Darrel D. Munro, M.D., Peter E. Blundell, M. D., 


and Ray C. J. Chiu, M.D., Ph.D. 


ABSTRACT Twelve patients had curative resection 
of primary bronchogenic carcinoma. Eleven to 84 
months later, a second primary bronchogenic car- 
cinoma was discovered and was operated on. Six pa- 
tients underwent wedge resection, while the others 
had a lobectomy or pneumonectomy. There was no 
operative mortality. Two patients survived longer 
than 5 years. In addition to these pztients, 26 pa- 
tients who also had successive surgical resections for 
primary lung cancers were collected f-om the litera- 
ture. Two operative deaths were related to respi- 
ratory insufficiency. 

Life-table analysis of this accumula-ed series of 38 
patients revealed the survival rate 1 year after the 
%, and 2 and 3 
years later, 55% and 27%, respectively. Thus, in pa- 
tients in whom a second primary carcinoma of the 
lung develops, successive resections <ailored to pre- 


resection of a second tumor to be 70 


serve respiratory reserve are compaz-ible with low 
operative mortality and, in some imstances, long- 
term survival. 


Successive surgical resection of second primary 
lung cancer has been reported with increasing 
frequency in recent years [1, 2, 4-8, 11, 12] and 
it is predicted that the incidence of bilateral 
primary cancer of the lung will increase [13]. 
This report presents the cases of 12 patients 
who had surgical treatment of a second primary 
bronchogenic carcinoma. These r2sults together 
with those for 26 additional pati2nts in the lit- 
erature managed in a similar mar.ner have been 
analyzed using the life-table method. 
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Materials and Methods 

Clinical Series 

Twelve patients who underwent surgical resec- 
tion of a second primary carcinoma of the lung 
following the surgical treatment of a primary 
bronchogenic carcinoma were reviewed (Table). 
All the patients were men ranging in age from 
55 to 68 years (mean, 61.2 years). All were heavy 
smokers when first seen, and 11 of them con- 
tinued to smoke up to the time the second lung 
tumor developed. Eight patients were asymp- 
tomatic; the second neoplasm was discovered 
on routine follow-up chest roentgenogram [2, 5, 
7, 10, 12]. Two patients were short of breath, 
and 2 others had hemoptysis when the second 
tumor was discovered by chest roentgenog- 
raphy. 

Sputum cytological findings confirmed the 
presence of the tumor in 7 patients. In 9 pa- 
tients bronchoscopy did not reveal any visible 
tumor. However, bronchial washings were 
positive in 5 of 7 patients submitted to bron- 
chial lavage. Mediastinoscopy was not per- 
formed in any of the 12 patients before the re- 
section of the second neoplasm. There was no 
evidence of metastases in any of the patients 
before operation as determined by skeletal sur- 
vey, liver scan, and liver enzymes. The interval 
between the first and second lung cancer 
ranged between 11 and 84 months. 


Life-Table Analysis of Surgical Results 

In addition to our 12 patients, 26 patients were 
collected from the literature. All had to meet the 
following criteria: (1) development of a second 
primary bronchogenic carcinoma of the lung 
following resection of the first lung cancer; (2) 
surgical resection of the second tumor; and (3) 
available records of the interval between the 
first and second surgical resections, follow-up, 
and prognosis. The survival curves of this ac- 
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Clinical and Surgical Data for 12 Patients Who Underwent 
` Two Procedures for Bronchogenic Chrcinoma 








Interval 
between Follow-up 

Patient No., Operations after Second 
Sex, Age, (yr) Diagnosis Operation (mo) Operation (mo) 
1. M, 62 (1) Squamous Ca (1) LUL lobectomy 30 20; died 

(2) Squamous Ca (2) RUL lobectomy 
2. M, 60 (1) Squamous Ca (1) R pneumonectcmy 22 8; died 

(2) Squamous Ca (2) LUL wedge 
3. M, 55 (1) Squamous Ca (1) RML, RLL lobectomy 84 17; alive 

(2) Adenoacanthoma (2) R pneumonectomy 
4. M, 62 (1) Squamous Ca (1) L pneumonectomy 73 67; alive 

(2) Squamous Ca (2) RUL wedge 
5. M, 60 (1) Squamous Ca (1) L pneumonectomy 70 13; alive 

(2) Squamous Ca (2) RUL wedge 
6. M, 62 (1) Squamous Ca (1) LUL lobectomy 11 6; died 

(2) Squamous Ca (2) L pneumonectomy 
7. M, 68 (1) Squamous Ca (1) RUL lobectomy 31 13; alive 

(2) Squamous Ca (2) LUL wedge 
8. M, 61 (1) Squamous Ca (1) RLL lobectomy 29 29; died 

(2) Squamous Ca (2) LLL wedge 
9. M, 59 (1) Adenocarcinoma (1) RUL lobectomy 74 70; alive with 


(2) Bronchiolar and (2) R pneumonectomy metastasis 
poorly differen- 
tiated adeno- 
carcinoma 
10. M, 62 (1) Squamous Ca (1) RUL, RML lobectomy 59 11; died 
(2) Squamous Ca (2) LLL wedge 
11. M, 63 (1) Squamous Ca (1) RUL lobectomy 33 28; alive 
(2) Squamous Ca (2) LUL lobectomy 
12. M, 51 (1) Squamous Ca (1) LLL lobectomy 37 20; alive with 


(2) Squamous Ca 


Ca = cancer; LUL = left upper lobe; RUL = right upper lobe; R = right; RML = right middle lobe; RLL = right lower lobe; 


L = left; LLL = left lower lobe. 


cumulated series of 38 patients were analyzed 
using the life-table method [3]. 


Results 

Clinical Series 

There was no operative mortality associated 
with the surgical procedures in our 12 patients. 
The individual procedures included lobec- 
tomy, pneumonectomy, or completion of pneu- 
monectomy, and in 6 patients a wedge re- 
section was carried out at the second operation 
(see Table). Bronchogenic carcinoma was found 
in all 12 patients at both the first and second 
resections. Only 1 patient had positive hilar 
lymph nodes at the first operation compared 
with 2 patients with positive lymph nodes at 
the second resection. At the time of writing, 5 


(2) L pneumonectomy 


stump recur- 
rence 


patients were alive and well with no evidence 
of recurrence 13, 13, 17, 28, and 67 months 
(mean, 27.6 months) following removal of the 
second cancer. Two patients were alive 20 and 
70 months following operation but had evi- 
dence of recurrence, 1 with invasion of the 
chest wall and another with recurrence of tumor 
in the bronchial stump. 

Five patients died. The cause of death is not 
known in 4 of them because postmortem ex- 
amination was refused. One of these 4 patients 
had generalized carcinomatosis. Another had 
clinical evidence of intracerebral metastases 
before death One patient died of myocardial 
infarction, ard no tumor was found postmor- 
tem. The survival time for the patients who 
died ranged =rom 6 to 29 months (mean, 14.8 
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e—a After second operation 
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Fig 1. The life-table analysis of the probability of survi- 
val in an accumulated series of 38 patients who under- 
went surgical resection for both the first and second 
metachronous bronchogenic carcinomas. 


100 
% 
50 
0 > 
oO 1 2 3 4 5 ó 7 >8 


Years after First Operation 


Fig 2. The cumulative probability of tumor-free period is 
reflected in this graph, which depicts the interval be- 
tween the first and second operations for metachronous 
carcinomas. 


a o 


months). Thus, there are 2 patients who have 
survived more than 5 years, 1 of them free of 
tumor. 


Life-Table Analysis of Surgical Results 
Figure 1 is the survival curve of the accumu- 
lated series of 38 patients who underwent surgi- 
cal resection for both the first and second pri- 
mary bronchogenic carcinomas [1-8, 11, 12]. 
The survival following the first and second re- 
sections is depicted. There is a great similarity 
between this graph and the one reported by 
Martini and Melamed [9]. In Figure 2, the 
cumulative probability of tumor-free period in 
this group of patients is shown. As can be seen, 
most second tumors appeared within 1 to 3 
` years following resection of the first tumor, al- 
« though some developed more than 6 years later. 
+ There were 2 operative deaths [5, 6]. The survi- 


val curve indicates that 1 year after resection of 
a second lung primary tumor, the cumulative 
survival rate was 70%; 2 years later, it was 55% 
and 3 to 5 years later, 27%. 


ee 
Comment a 
It is often difficult to be certain whether multi- 
ple synchronous and second primary cancers 
are separate primary tumors or recurrent, slow- 
growing metastatic tumors [1]. Even the his- 
tological difference is not an absolute criterion 
because the histological pattern may differ in 
the same tumor from one portion to another 
[12]. On the other hand, the presence of multi- 
ple bronchial mucosal metaplasia, particularly 
in smokers, indicates that it is quite conceiva- 
ble that multiple primary tumors can develop in 
the same patient whether synchronously [2] or 
metachronously [2]. In many cases, the second 
tumor can be seen to arise from the bronchial 
mucosa, strongly suggesting that it is not a 
slow-growing metastatic tumor. In our study we 
chose to define second primary carcinoma in 
such a way as to indicate that the first bron- 
chogenic carcinoma was treated by curative re- 
section and there was no clinical evidence of 
metastases, and that the development of a 
second tumor occurred not adjacent to the first 
tumor. Those patients in whom multiple pri- 
mary carcinomas develop may demonstrate 
the results of continued exposure to car- 
cinogenic stimuli, such as the heavy smoking 
noted in all of our 12 patients. They may also 
suffer from impaired immunological surveil- 
lance of the host against the neoplasm [12]. 
The development of second primary car- 
cinoma of the lung attracted attention in the late 
1950s and 1960s as more patients survived the 
resection of the first tumor. Lehman and Cross 
[8] found more than one primary cancer of the 
lung in 0.5% of patients with bronchogenic car- 
cinoma. Auerbach and associates [1] found a 3.5 
to 14.5% incidence of multiple, primary car- 
cinomas of the lung in postmortem series. The 
incidence of multiple primary bronchogenic 
carcinomas in patients who underwent resec- 
tion was reported to be 1.8 to 2.1% [11]. How- 
ever, this incidence increased to 6.4% for those 
surviving more than 30 months after resection 
of the first tumor [7]. Many second primary 
tumors were discovered at postmortem exam- 
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ination or were treated nonsurgically by irradi- 
ation and chemotherapy. Only dome of these 
patients underwent successive surgical resec- 
tions. The follow-up after such interventions 
has been short%h reported cases, and the effi- 
ciency of the operations is not clear. 

In our series of 12 patients, 2 have survived 
for more than 5 years, although 1 of them has 
clinical evidence of tumor recurrence. The sur- 
vival curves shown in Figures 1 and 2 were 
compiled by adding our series to 26 patients 
collected from the literature. Since in many in- 
stances the follow-up is short, a degree of un- 
certainty in such a life-table analysis is inevita- 
ble. However, before more long-term follow-up 
data become available, this represents the best 
indication of the surgical results that we have at 
present. | 

It is clear that the survival curve in Figure 1, 
representing life expectancy after the first re- 
section in this group of patients, is better than 
the overall survival rate for surgical therapy of 
bronchogenic carcinoma. This is because the 
second primary tumor has a greater chance of 
appearing in patients who have survived for a 
certain period of time following the resection of 
the first tumor [7]. Death following the first 
procedure would preclude possible develop- 
ment of a second tumor. The survival curve also 
indicates that some patients can survive for a 
prolonged period following the removal of the 
second lung tumor. It should be noted that a 
number of deaths documented in this accumu- 


lated series were unrelated to tumor recurrence 


and that the survival curve would have been 
better if only deaths related to carcinomas 
themselves had been considered. Nevertheless, 
the 55% cumulative survival rate at 2 years in 
this series compares favorably with the 46.6% 2 
year survival for Stage I primary squamous cell 
carcinoma reported by the American Joint 
Committee for Cancer Staging and End Results 
in '1973.* Lobectomy and pneumonectomy were 
*The American Joint Committee for Cancer Staging and End 


Results Reporting: Clinical Staging System for Carcinoma of 
the Lung, Chicago, IL, 1973. 


carried ouz in the first operations. In our own ` 
series, 6 Sut of 12 second operations were 
wedge resections that were tailored to the respi- 
ratory reserve of the patients. Respiratory fail- 
ure was avoided, and the results are at least 
comparable to those reported previously. 

We conctude that in patients in whom second 


_ primary carcinoma of the lung develops, succes- 


sive resections tailored to preserve the respira- 
tory functicn are compatible with low operative 
mortality end, in some instances, long-term 
survival. 


References 


1. Auerbacn O, Stout AP, Hammond EC, et al: 
Multiple primary bronchial carcinomas. Cancer 
20:699, 1967 

2. Boucot ER, Weiss W, Cooper DA: Second pul- 
monary neoplasms among long-term survivors of 
lung canzer. Am Rev Respir Dis 92:767, 1965 

3. Colton T: Statistics in Medicine. Boston, Little, 
Brown, 1974, pp 244-248 

4. Drash EC, DeNiord RN Jr: Bilateral, primary, 
simultanzous bronchogenic carcinoma: presen- 
tation of a case. Dis Chest 34:226, 1958 

5. Hughes 2K, Blades B: Multiple primary bron- 
chogenic carcinoma. J Thorac Cardiovase Surg 
41:421, 1961 

6. Leafstedt SW, Sweetman WR, Chester CL, 
et al: Multiple primary neoplasms of the lung. 
J Thorac Cardiovasc Surg 55:626, 1968 

7. LeGal Y, Bauer WC: Second primary bron- 
chogenic zarcinoma: a complication of successful 
lung cancer surgery. J Thorac Cardiovasc Surg 
41:114, 1561 

8. Lehman JA Jr, Cross FS: Bilateral multiple car- 
cinoma oi the lung. Cancer 19:1931, 1966 

9. Martini N, Melamed MR: Multiple primary lung 
cancers. J Thorac Cardiovasc Surg 70:606, 1975 

10. Neptune WB, Woods FM, Overhold RH: Reoper- 
ation for bronchogenic carcinoma. J Thorac Car- 
diovasc Surg 52:342, 1966 

11. Shields TW, Drake CT, Sherrich JC: Bilateral 
primary bronchogenic carcinoma. J Thorac Car- 
diovasc Surg 48:401, 1964 

12. Smith RA Development and treatment of fresh 


tma tS 


13. Struve-Christensen E: Diagnosis and treatment 
of bilateral primary bronchogenic carcinoma. J 
Thorac Cardiovasc Surg 61:501, 1971 


1 


af 


® 


I. Development of an In Vitro 
Model of Myocardial Cooling: 


A Study 


of the Effect of Cardiac Size on Cooling Rate 


F. L. Rosenfeldt, F.R.C.S.E., and D. A. Watson, F.R.C.S. ° 


‘ABSTRACT A physical model for the study of local 


cardiac hypothermia was developed using excised 
animal hearts. The validity of the model was estab- 
lished by showing close similarity between cooling 
curves of dog hearts in vivo and in the model. The 
model was then used to compare the cooling rates of 
three groups of excised hearts using cold saline irri- 
gation. Groups 1, 2, and 3 had mean left ventricular 
weights of 166, 379, and 1,429 gm, respectively, and 


mean left ventricular wall thicknesses of 1.5, 2.0, 


and 3.1 cm, respectively. For the same 10°C tempera- 
ture fall, Group 1 took 25 + 2.8 minutes, Group 2 
took 54 + 9.2 minutes, and Group 3 took 117 + 21 
minutes. To avoid slow cooling and consequent 
ischemic damage in the hypertrophic ventricle, it 
may be desirable to initiate cooling using coronary 
perfusion with cold blood or cold cardioplegic so- 
lutions. 


Since 1959 when it was described by Shumway 
and associates [11], local cardiac hypothermia 
induced by irrigating the pericardial cavity 
with iced saline has gained widespread ac- 
ceptance as a method of protecting the heart 
against the effects of ischemia during cardiac 
procedures. A low incidence of myocardial 
damage and good postoperative cardiac func- 
tion have been reported both experimentally 
[10] and clinically [3, 13] with this technique. 
However, other reports describe myocardial 
damage and poor postoperative cardiac func- 
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tion following the use of this method [2, 7, 8, 
14]. 

In attempting to understand these contradic- 
tory findings, it is important to bear two facts in 
mind. One is the experimental observation that 
if excised dog hearts are thoroughly cooled by 
immersion in saline at 2° to 4°C, they can be 
preserved for seven hours and successfully 
transplanted [6]. The second is that in clinical 
practice profound total body hypothermia with 
total circulatory arrest is used successfully to 
provide safe times of cardiac ischemia of up to 
70 minutes [1]. Clearly, the thorough cooling 
produced by these techniques does produce ex- 
cellent myocardial protection. This suggests 
that when local cardiac hypothermia fails to 
protect the heart against ischemia, the depth of 
cooling was not sufficient for the length of the 
ischemic period. 

Preliminary studies in our laboratory demon- 
strated that dogs’ hearts are more easily cooled 
than human hearts due to smaller size. To du- 
plicate in the laboratory the problems of clinical 
hypothermia, larger hearts must be used. 

The aims of this study were to develop an in 
vitro model of the thermal conditions of the 
heart during open-heart surgery using excised 
animal hearts and to compare the cooling rates 
of hearts of different sizes. 


Methods 

Model 

The isolated heart to be studied was obtained 
within 20 minutes of death and was cooled in 
iced saline. The coronary circulation was per- 
fused with 200 ml of ethylenediaminetetraacetic 
acid (EDTA) to maintain ventricular relaxation. 
A catheter was fixed in the left atrium for infu- 
sion of saline. The systemic and pulmonary 
vein orifices were oversewn and a left ventricu- 
lar vent was inserted through the apex. Needle 
thermocouple probes (Spembley model HTCA) 
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Fig 1. Thermal model comprising an outer saline bath at 
30°C surrounding the cradle of bovine pericardium. The 
heart, seen in cross section, is surface cooled by saline at 
4°C but internally warmed by venous return at 30°C. 
Additional heating is produced by standard operating 
room lights. The numbers denote the position of the 
thermocouples: 1, ventricular septum; 2, anterior left 
ventricle (LV); and 3, posterior LV. (RV = right 
ventricle.) 


were inserted into the anterior and posterior 
left ventricular walls and into the ventricular 
septum. The position of the sensing tip of each 
thermocouple was adjusted until it lay 2 to 3 
mm beneath the endocardial surface. The heart 
was placed in a cradle of fresh bovine pericar- 
dium suspended in a saline bath kept at 30°C, 
which represented the intrathoracic heat source 
comprising the lungs and mediastinal struc- 
tures (Fig 1). Pulmonary venous return from 
bronchial and pulmonary collateral flow was 
represented by saline at 30°C drawn from the 
water bath and delivered into the left atrium by 
a roller pump. Saline was aspirated through the 
left ventricular vent by a second roller pump 
and returned, to the water bath. 

A recirculating saline cooling circuit [13] was 
used for myocardial cooling. Saline was aspi- 
rated from the pericardial well by a roller pump, 
which pressurized a reservoir. The saline 
passed from the reservoir through a refrigerated 
heat exchanger and returned to the pericar- 
dium. This system enabled cold saline to be de- 


=> VENT SUCTION 


<4 VEFIOUS RETURN 


livered coz.tinuously onto the heart at rates up 
to 1,200 mr. per minute. 

Time was allowed for myocardial tempera- 
tures to stabilize at 30°C before cooling was 
commenced. Normal saline at 4°C was then run 
over the surface of the left ventricle at 1 liter per 
minute. “emperatures from the myocardial 
thermocouples and from a thermocouple in the 
cold saline inflow line were recorded by a chart 
recorder. At the conclusion of the experiment, 
the whole heart and the left ventricle were 
weighed and the thickness of the ventricular 
septum was measured. 


Cooling of Hearts In Vivo and In Vitro 

Five mongrel dogs weighing between 20 and 30 
kg were anesthetized with intravenous pen- 
tobarbital sodium, 30 mg per kilogram of body 
weight, and ventilated with room air. The heart 
was expos=d through a median sternotomy and 
pericardiocomy. A pericardial cradle was 
formed by suturing the pericardial edges to the 
sternotom’ margin. Following heparinization 
the ascencing aorta and the superior and in- 
ferior vena cava were cannulated. Bypass was 
established at 100 ml per kilogram of body 
weight us.ng a Bentley Q100 bubble oxy- 
genator. T>.ermocouple needle probes were in- 
serted intc the anterior and posterior walls of 
the left ventricle and into the ventricular sep- 
tum. The position of the sensing tip of each 
thermocouple was adjusted until it lay 2 to 3° 
mm beneath the endocardial surface. The ani- .« 
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mal’s blood temperature was monitored by a 
thermocouple in the aortic arch. The left ventri- 
cle was decompressed by suction on an apical 
vent, and the flow rate was measured. 

‘Blood temperature was lowered to 30°C, the 
ascending aorta was cross-clamped, caval 
snares were tightened, and the bypass perfu- 
sion rate was halved. Pericardial irrigation with 
normal saline at 4°C was commenced at a flow 
rate of 1 liter per minute. Cooling was carried 
out until the readings of all three probes had 
reached equilibrium. The animal was killed, 
and the heart was excised and perfused with 
EDTA. A left atrial catheter and left ventricular 
vent were inserted as described, and the heart 
was placed in the model and warmed to 30°C. 
External irrigation with saline at 4°C and at 1 
liter per minute was commenced, and a cooling 
curve was obtained. 

To study the effect of the venous return on 
cardiac cooling both in the dog and in the 
model, a supplementary flow of 200 ml per 
minute was introduced into the left atrium dur- 
ing both initial cooling periods. This was pro- 
vided in the dog by a roller pump, which drew 
blood from a side arm on the arterial line and 
delivered it through a cannula into the left 
atrium. When equilibrium myocardial tempera- 
ture had been reached, this flow of blood was 
stopped and time was allowed for new equilib- 
rium temperature to be reached. 


Cooling of Different Sized Hearts 

With all other conditions held constant, the ef- 
fect of variation in cardiac size on cooling rate 
was examined. Hearts of three general sizes 
were used in this comparison: 7 small hearts 
from sheep and pigs with a left ventricular 
mean weight of 166 gm and a left ventricular 
wall thickness of 1.5 cm (Group 1); 5 medium 
hearts from sows, 379 gm and 2.0 cm (Group 2); 
and 5 large hearts from bullocks, 1,429 gm and 
3.1 cm (Group 3). These hearts were obtained at 
the abattoir and were cooled in iced saline 
within 20 minutes of death. The hearts were 
then taken to the laboratory, perfused with 
EDTA, and prepared for study in the model 
as described. All hearts were cooled under 
exactly similar conditions: water bath tem- 
perature at 30°C, venous return of 200 ml per 


e 
minute to the left atrium, saline flow-rate of 
1 liter per ‘minute, and saline temperature 
of 4°C, 


Results í 
Comparison of In Vivo and In Vitro Cooling 
Figure 2 shows a typical cooling curve recorded 
during external irrigation of a pig's heart 
weighing 244 gm. Venous return was 200 ml per 
minute to the left atrium. The anterior wall of 
the left ventricle cooled most quickly while the 
septum cooled most slowly. 

Figure 3 shows the mean cooling curves for 
the 5 hearts in the intact dog and the pericardial 
model. As can be seen, there is close agreement 
between the in vivo and in vitro curves. The 
equilibrium temperature, E,, was reached with 
a pulmonary venous return of 200 ml per min- 
ute in the dog and in the model. When this flow 
was discontinued, equilibrium temperatures 
fell by as much as 9°C (E,). None of the mean 
temperature values in the model were signifi- 
cantly different from the corresponding mean 
values in the intact dog. 


Effect of Cardiac Size 

Figure 4 shows cooling curves from representa- 
tive hearts from each group during the first 60 
minutes of cooling. The weight of the left ven- 
tricle is given for each. The heavier the ventri- 
cle, the slower and less uniform was the cool- 
ing. 

The mean time necessary for myocardial 
temperature to decrease by 10°C in each group 
was compared. Between Group 1 and Group 
2 hearts and between Group 2 and Group 3 
hearts, there was approximately a doubling of 
the time taken to lower septal temperature by 
10°C (25 + 2.8 minutes, 54 + 9.2 minutes, and 
117 + 21 minutes, respectively). The results for 
anterior left ventricular temperature were even 
more striking: Group 3 hearts took seven times 
as long to cool as Group 1 hearts (49 + 12 min- 
utes versus 7.0 + 1.2 minutes, respectively). 
This corresponded with a ninefold increase in 
left ventricular weight and a doubling in wall 
thickness. Group 2 hearts took 19 + 2.6 min- 
utes. Intergroup coding time differences were 
significant at the 5% level or better. 
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Fig 2. Cooling curves from a pig's heart during external 
irrigation with cold saline, 
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Fig 3. Comparison of mean cooling curves of 5 hearts 
obtained in the dog (closed circles and solid lines) and 
subsequently in the model (open circles and broken 
lne). The bars represent 1 standard error of the mean. 
E, and Eùs are the equilibrium points with a left atrial 
return of 200 ml pèr minute and zero, respectively. The 
close agreement between the pairs of cooling curves can 
be seen. (LV = left ventricle.) . 
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Fig 4. Cooling curves from 3 hearts of different weights 
cooled under the same conditions. (LV = left ventricle.) 


Comment 
The pattern of cooling of the dogs’ hearts was 
similar whether the hearts were cooled in 
the chest or in the model. Pulmonary venous 
return of 200 ml per minute produced a similar 
impairment of cardiac cooling in the dog and in 
the model. In all comparisons, the model per- 
formed well in reproducing the thermal condi- 
tions of the animal heart during cardiopulmo- 
nary bypass and has proved to be a useful tool 
to study cardiac hypothermia. Quantitation of 
the warming effect of pulmonary and systemic 
venous return is the subject of a further study. 
When hearts of different sizes were cooled in 
the model under similar conditions, we found 
that the larger the cardiac size and weight the 
slower was the rate of cooling. We observed 


*that sheep, pig, and dog hearts of similar 
- weight cooled at similar rates. We concluded 





that the difference in” cooling rates between 
Groups 1, 2, ånd 3 was not due to species dif- 
ferences but rather to differences in weight and 
size. This phenomenon has a simple explana- 
tion in physical terms. Assuming that the heart 
is spherical, the amount of heat that must be 
removed to produce unit fall in temperature 
(thermal capacity) varies as the third power of 
the radius, whereas the rate of heat removed by 
surface cooling varies with the radius squared. 
Thus, the ratio of thermal capacity to removal 
rate of heat becomes greater with larger cardiac 
size. The concentrically hypertrophied left ven- 
tricle of a human heart with aortic stenosis is 
most difficult to cool because it has a large 
thermal capacity combined with relatively small 
internal and external surfaces. Its weight of 225 
gm or more would be approximately the same 
as a left ventricle in Group 2 in this study [5]. 

In clinical practice great care must be taken in 
cooling hypertrophied hearts by irrigation 
alone to ensure protection of the full thickness 
of the ventricular wall from the damaging ef- 
fects of warm ischemia. 

Supplementing external cold saline irrigation 
by lavage of the left ventricular cavity may im- 
prove cooling of the subendocardial region. 
More uniform and rapid initial cooling of thick 
ventricles may be achieved by coronary perfu- 
sion with cold blood [9] or cold cardioplegic so- 
lutions [4, 12]. A comparison of the efficiency of 
these cooling methods is the subject of a further 
study using the isolated heart model. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Hilton Palacio Del Rio Hotel, San 
Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
cians except for guest speakers, authors and 
co-authors on the program, and residents. 
Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1978, to Richard E. Clark, M.D., 
Suite 3108, Queeny Tower, 4989 Barnes Hospi- 
tal Plaza, St. Louis, MO 63110. Abstracts should 
be double-spaced on one side of one sheet of 


paper, with a 1-inch left margin, and limited to 
200 words. All slides used during the presenta- 
tion must be 35 mm. The abstract must list a 
member as a co-author. Manuscripts of ac- 
cepted papers must be submitted to The Annals 
of Thoracic Surgery by Oct 15, 1979. 

Applications for membership should be 
completed by Sept 1, 1979, and forwarded to 
Thomas ©. Gentsch, M.D., 1150 NW 14th St, 
Miami, FL 33136. 


Richard B. McEivein, M.D. 
Secretary-Treasurer 
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II. Interference with Local Myocardial Cooling 
by Heat Gain during Aortic Cross-Clamping 


F. L. Rosenfeldt, F.R.C.S.E., and D. A. Watson, F.R.C.S. 


ABSTRACT We have used a physical model of the 
thermal conditions of open-heart surgery to study 

` sources of heat input to the heart during local cardiac 
cooling. Pulmonary and systemic venous return en- 
tering the cardiac chambers were the most impor- 
tant sources of heat to the hypothermic heart. In 5 
excised hearts, venous return of 100 ml per minute or 
more entering the left atrium and left ventricle in- 
creased mean septal temperature significantly from 8 
+ 1°C to 16 + 1°C (p < 0.01). When venous return 
passed through the right side of the heart and then 
the left side, it increased mean septal temperature 
significantly from 7 + 0.5°C to 23 + 1°C (p < 0.001). 
Conduction of heat through the pericardium, heat 
radiation from standard operating room lights, and 
heat uptake from room air had relatively minor ef- 
fect and produced no significant increase in myocar- 
dial temperature provided all surfaces of the ventri- 
cles were irrigated with cold saline. 

The hypothermic heart can be isolated from heat 
input by individual caval cannulation, low bypass 
perfusion rate, systemic cooling to 30°C, and irrigat- 
ing all surfaces of the ventricles with cold saline. 


Experimental and clinical studies have demon- 
strated that thorough myocardial cooling pro- 
duces excellent protection against ischemia 
[1, 3]. When Shumway and Lower’s technique 
of local cardiac hypothermia [6] is used, myo- 
cardial temperature depends on the balance be- 
tween the rate of heat removal by the cold saline 
irrigation and the rate of heat gain by the heart 
from its surroundings. We have described pre- 
viously (5) a model that made possible the 
study of myocardial cooling in vitro. The pur- 
pose of the present investigation was to use that 
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& 
model to characterize the various sources of 


heat input to the hypothermic heart, determine 
their relative importance, and discover ways of 
minimizing their effects. 

The principal sources of heart flow into the 
hypothermic heart during cardiopulmonary 
bypass and aortic cross-clamping can be 
classified as follows: (1) pulmonary and sys- 
temic venous return, which brings warm blood 
into the heart chambers; (2) heat conduction 
through the pericardium; (3) convected heat 
from room air; and (4) radiant heat from the 
operating lights. Other possible heat sources 
include myocardial metabolism and conducted 
heat from surgical instruments and hands. 
These, however, were thought to be of minor 
importance and were not investigated in this 
study. The effect of the four main heat sources 
on cardiac cooling were examined individually. 


Methods 

Freshly excised pig hearts were prepared for 
study in the model as described previously [5]. 
They were placed in the pericardial cradle and 
warmed to 30°C. Cooling was induced by a flow 
of saline at 4°C distributed at 1 liter per minute 
over the whole cardiac surface. 

VARIATION IN VOLUME AND DISTRIBUTION OF 
VENOUS RETURN. In 5 pig hearts with a mean 
weight of 273 gm, the intracardiac flow of saline 
simulating pulmonary or systemic venous re- 
turn was varied in steps between zero and 30) 
ml per minute. Time was allowed at each flow 
rate for temperature equilibration. Saline was 
introduced first into the left atrium (LA return) 
and as it flowed through the left ventricle the 
effect on equilibrium temperature was re- 
corded. The heart was then rewarmed and the 
circuit changed so that the saline passed in se- 
quence through the right atrium, the right ven- 
tricle, and pulmonary artery to a cannula that 
simulated the pulmonary circulation and thence 
into the left atrium (RA return). The saline then 
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continued into the left ventricle and out 
through the left ventricular vent. The first cir- 
cuit simulated bronchial and pulmonary collat- 
eral return to the left atrium and the second 
simulated a flo of blood through all four heart 
chambers produced by incomplete drainage of 
the right atrium. 

VENOUS CANNULATION TECHNIQUES. A dog 
was placed on bypass as previously described 
[5]. Initially, the right atrium was cannulated 
with two caval cannulas. Once bypass had been 
established, the cavae were snared, the right 
atrium was opened, and the region of the at- 
rioventricular node was identified just anterior 
to the coronary sinus. A thermocouple needle 
probe was inserted into this region. The right 
atriotomy was closed. When all cardiac temper- 
ature readings were steady at 30°C, the aorta 
was cross-clamped, external irrigation with 
cold saline was commenced, and cooling curves 
of the atrial septum, the ventricular septum, 
and the anterior and posterior left ventricular 
walls were recorded. When steady state tem- 
peratures were reached, the aortic clamp was 
released and the heart was allowed to rewarm. 
The caval cannulas were removed and were re- 
placed with a single large atrial basket inserted 
through the atrial appendage. The aorta was 
again clamped, external saline irrigation was 
recommenced, and cooling curves were plotted 
as before. l 

BODY TEMPERATURE VARIATION AND PERICAR- 
DIAL HEAT PRODUCTION. The conduction of 
heat through the pericardium was studied 
using an isolated pig heart in the model. The 
temperature of the water bath that surrounded 
the pericardium and provided the saline for the 
venous return was set sequentially at 23°C, 
30°C, and 37°C, with a venous return of zero. 
Time was allowed for equilibration of myocar- 
dial temperature at each of these temperature 
settings during standard external cooling. 
Under these. conditions, changing water bath 
temperature tould affect myocardial tempera- 
ture only by altering the rate of conduction of 
heat through the pericardium. These sequential 
increases in water bath temperatures were then 
repeated with a venous return of 200 ml per 
minute to the left atrium. 


VARIATION IN ROOM TEMPERATURE. The ef- 


fect on equilibrium myocardial temperature of 
raising the temperature of the room air by 15°C 
was examined in 2 isolated hearts in the model. 
One thermocouple was placed in the interven- 
tricular septum and a second in the anterior left 
ventricular wall in the standard subendocardial 
position. The third thermocouple was placed 
subepicardially 1 to 2 mm beneath the anterior 


surface of the left ventricle. Cooling was per- ` 


formed by external irrigation in the standard 


way and time was allowed for equilibration, 
first with the heart completely immersed in cold 
saline and then with the anterior half of the 
heart exposed to the air. The room temperature 
was raised by 15°C and equilibrium tempera- 
ture was recorded with the heart immersed. 
Then the heart was exposed as before and 
equilibrium -emperature was again recorded. 
RADIANT H3AT FROM OPERATING ROOM LIGHTS 


The effect or myocardial temperature of vari- 


ations in radiant heat emitted by operating 
room lights was investigated in 2 isolated 
hearts using zhe same thermocouple positions 
as in the roor. temperature experiment. The in- 
tensity of radiant heat was measured by a 
radiometer with a 15 cm? blackened copper ab- 
sorber. Three levels of radiation were investi- 
gated. The first was a control with no direct 
light on the heart. The second level was pro- 
duced by a pair of small operating lights, which 
had been used throughout as part of the model 
and which gave 0.2 cal/em*/min. This was ap- 
proximately the measured heat output of the 
lights in our cardiac operating room. Third, 
higher levels of radiation were produced by ad- 
ditional lights. Myocardial temperatures were 
recorded at each level of radiation with the 
heart immersed in cold saline and then with the 
front half exposed. 


Results 

VENOUS RETURN EFFECTS. The effect of venous 
return on septzl temperature in 5 hearts is 
shown in the Figure. As LA return was in- 
creased, mean s2ptal temperature rose signifi- 
cantly from 8.0 = 1°C (SEM) at a venous return 
of zero to 16 + 1°C at a venous return of 100 ml 
per minute (p < 0.01). Similarly, as RA return 
was increased from zero to 100 ml per minute,” 


mean septal temperature increased significantly » 
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Equilibrium septal temperature values in 5 pig hearts at 
various rates of venous return. The closed symbols repre- 
sent the equilibrium temperature with the left atrial (LA) 
return. The open circles represent the equilibrium tem- 
perature with right atrial (RA) return. Corresponding 
open and closed symbols apply to the same heart. 


from 7 + 0.5°C to 23 + 1°C (p < 0.001). Further 
increases in venous return to either atrium in- 
creased septal temperature by 2°C or less. Com- 
paring the effect of LA return with RA return 
reveals that if venous return was 100 ml per 
minute or more, mean septal temperature val- 
ues during RA return were significantly higher 
than those during LA return (p < 0.01). 

The effect of LA return on posterior left ven- 
tricular temperature was similar to that just de- 
scribed for septal temperature, that is, increas- 
ing venous return from zero to 100 ml per min- 
ute increased the mean posterior left ventricular 
temperature from 8 + 1°C to 15 + 1°C (p < 
0.001), and increasing venous return to 200 or 
300 ml per minute caused no significant further 
rise in temperature. As might be expected, RA 
return produced no greater warming effect on 
the posterior left ventricle than did LA return. 
LA return did not significantly affect anterior 
left ventricular temperature whereas increasing 
RA return from zero to 300 ml per minute raised 
mean anterior left ventricular temperature from 
6° to 21°C. 

EFFECT OF VENOUS CANNULATION TECH- 
NIQUE. The equilibrium temperature obtained 
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© 
Venous Cannulation Technique 


Two Caval Single Atrial 
Technique Cannulas (°C) Basket (°C) 
Interventricular 12 23 

septum $ 
Anterior left 1l 12 

ventricle 
Posterior Íeft 12 16 

ventricle 
Atrioventricular 19 28 


node region 


at the end of 40 minutes of cooling using each 
cannulation technique in the dog are shown in 
the Table. When a single atrial cannula was 
used, all temperatures were higher than when 
two cannulas were used. The most striking dif- 
ferences were observed in the ventricular sep- 
tum and atrioventricular node region, the 
former being 11°C warmer and the latter 9°C 
warmer when a single atrial basket was used 
than when two cannulas were used. 

BODY TEMPERATURE AND PERICARDIAL HEAT 
CONDUCTION. When venous return was set at 
zero and water bath temperature was increased 
by 14°C, posterior left ventricular temperature 
rose by 2°C but septal and anterior left ventricu- 
lar temperatures were unchanged. The rise in 
posterior left ventricular temperature was 
abolished by lifting the heart forward and al- 
lowing cold saline to circulate between the back 
of the heart and the pericardium. However, 
when the sequential increases in water bath 
temperature were repeated with a venous re- 
turn of 200 mi per minute to the left atrium, 
myocardial temperatures increased by as much 
as 12°C. 

EFFECT OF ROOM TEMPERATURE. When the 
heart was completely immersed in cold saline, 
raising the environmental temperature by 15°C 
produced no rise in myocardial temperatures. 
When the cold saline level was low, however, 
the same increase in room temperature in- 
creased subepicardial temperature 2.7°C in 1 
heart and 4.7°C in the other. 

EFFECT OF RADIANT HEAT. In the first heart 
studied, when the saline level was low, radiant 
heat of 0.2 cal/cem?/min raised subepicardial left 
ventricular temperature to 22°C from a control 
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value of 20.5°C. The third level of radiation (0.5 
cal/cem?/min) increased this temperature further 
to 25.5°C. The second heart: behaved similarly 
when exposed to the same three levels of radia- 
tion but, in addifion, a higher level of radiation 
was used which produced 1 cal/cm?/min. This 
radiation raised anterior subepicardial left ven- 
tricular temperature 10°C above its control 
value. However, when the saline level was 
high, even the highest level of radiation pro- 
duced no appreciable rise in myocardial tem- 
peratures. 


Comment 

The entry of warm fluid into the interior of the 
heart emerged as the most potent factor inter- 
fering with local cardiac cooling. A flow of 100 
ml per minute or more prevented effective cool- 
ing of the subendocardium. At this level of ve- 
nous return, a direct relationship could be 
shown between cardiac temperature and ve- 
nous return temperature. During total car- 
diopulmonary bypass, LA return is produced 
by bronchial and pulmonary collateral flow. 
This flow is proportional to mean systemic arte- 
rial pressure and central venous pressure [2]. To 
reduce LA return during local cardiac, cooling, 
mean arterial pressure should be reduced by 
using a low bypass perfusion rate as recom- 
mended by Griepp and associates [3]. Systemic 
blood flow can be reduced safely to 1.6 L/min/ 
m? for two hours at 28°C or less [4]. Thus at 30°C 
a flow of 1.8 L/min/m? can be maintained safely 
for the duration of aortic cross-clamping in 
most cases. If pulmonary collateral flow is ab- 
normally high, as in tetralogy of Fallot, a further 
reduction in perfusion rate and lowering of 
body temperature are essential to ensure ade- 
quate local cardiac cooling. 

If venous return entered the right atrium and 
right ventricle and passed on to the left side of 
the heart, its warming effect on the ventricular 
septum was greater than if it entered the left 
side of the heart only. A common technique for 
cannulating the right atrium for an aortic valve 


replacement is to use a single large “basket” 


cannula. We have shown clearly in the dog that 
blood simply passing through the right atrium 
to an atrial basket cannula can prevent effective 
cooling of the atrial septum and the ventricular 
septum. Warm ischemia of the atrium and con- 
ducting system could explain the occurrence of 
atrial dysrhythmias following unsuccessful 
hypothermia. Thus, separate caval cannulas 
and caval snares should be used with local car- 
diac hypothermia even for aortic valve replace- 
ment procedures. 

During the induction and maintenance of 
cooling, tre heart can be easily isolated from 
external heat sources by uniform external la- 
vage with cold saline. Isclation of the hypother- 
mic heart trom its most potent heat source— 
warm blood in the cardiac chambers—is 
achieved by occlusive caval cannulation and ef- 
ficient ventricular venting combined with a re- 
duction in perfusion rate and moderate total 
body hypo-hermia. 
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makes the electrical connection to 
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Quality control ensures 
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III. Local Cardiac Hypothermia: 


Experimental Comparison of Shumway’s 


Technique and Perfusion Cooling 


F. L. Rosenfeldt, F.R.C.S.E., and D. A. Watson, F.R.C.S. 


ABSTRACT A model of the thermal conditions of 
the heart during ischemic arrest was used to study 
the efficiency of Shumway’s technique of topical 
hypothermia. Cooling was improved by increasing 
the flow of cold saline to 350 ml per minute, reduc- 
ing the saline temperature, lifting the posterior left 
ventricular wall away from the pericardium, and ir- 
rigating the left ventricular cavity. Perfusing the 
coronary circulation with cold fluid cooled the heart 
eight times faster than did surface irrigations by 
Shumway’s technique. 


Shumway and co-workers [6, 13, 14] described 
a technique of inducing local cardiac hypo- 
thermia by irrigation with cold saline and re- 
ported good results following its use. Other 
surgeons reported a failure of the technique to 
adequately protect the heart against intraopera- 
tive myocardial ischemia [4, 9, 10, 20]. In order 
to improve the speed and uniformity of cardiac 
cooling, Urschel [18] and Tyers [16] and their 
colleagues perfused the coronary circulation 
with cold Ringer’s lactate solution through the 
aortic root. Perfusion cooling is now widely 
used in conjunction with cardioplegic tech- 
niques. 

The aim of the present study was to analyze 
irrigation hypothermia from a physical point of 
view to determine how cooling could be op- 
timized and to compare irrigation and perfu- 
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sion hypothermia under standardized condi- 
tions. 

In the two preceding studies, a model for 
studying cardiac cooling using excised animal 
hearts was described [11, 12]. It was used to 
compare the cooling rates of different sized 
hearts cooled under the same conditions and to 
compare the relative importance of various 
sources of heat to the hypothermic heart. In the 
present study, heart size and external heat 
input were controlled and only the cooling 
method was varied. 

The following components of the Shumway 
technique were varied and the effect on cooling 
measured: flow rate, level, distribution, and 
temperature of cold saline. The additional effect 
of intermittent irrigation of the left ventricular 
cavity with cold saline was also examined. Fi- 
nally, optimal irrigation cooling was compared 
with cooling produced by perfusion of the aor- 
tic root with cold saline. 


Methods 

Pig hearts were obtained within 20 minutes of 
death and cooled in iced saline. The coronary 
circulation was perfused with 200 ml of ethyl- 
enediaminetetraacetic acid (EDTA) to main- 
tain ventricular relaxation. A catheter was fixed 
in the left atrium for infusion of saline. The sys- 
temic and pulmonary vein orifices were over- 
sewn and a left ventricular vent was inserted 
through the apex. Needle thermocouple probes 
(Spembley model HTCA) were inserted into the 
anterior and posterior left ventricular walls and 
into the ventricular septum. The position of the 
sensing tip of each thermocouplé was adjusted 
until it lay 2 to 3 mm beneath the endocardial 
surface. The heart was placed in a cradle of 
fresh bovine pericardium suspended in a saline 
bath kept at 30°C, which represented the in- 
trathoracic heat source comprising the lungs 
and mediastinal structures (see Fig 1, p 8, this 
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Fig 1. Recirculating saline cooling circuit. (P = roller 
pump; R = pressurized reservoir with adjustable air — 
bleed; HE = heat exchanger; RU = refrigerator unit; F 
= flowmeter; S = shunt with filling point; H = heart.) 


issue). Pulmonary venous return from bron- 
chial and pulmonary collateral flow was repre- 
sented by saline at 30°C drawn from the water 
bath and delivered into the left atrium by a roll- 
er pump. Saline was aspirated through the left 
ventricular vent by a second roller pump and 
returned to the water bath. The validity of this 
model in representing the thermal conditions of 
the heart during bypass and ischemic arrest has 
already been established [11]. 

Precise control of the temperature and flow 
rate of cold saline irrigation was made possible 
by the use of a recirculating cooling circuit [19] 
(Fig 1). Saline was aspirated from the pericar- 
dial pool by a roller pump which pressurized a 
reservoir. The saline passed from the reservoir 
through a reffigerated heat exchanger and back 
into the pericardium. This system enabled cold 
saline to be delivered continuously onto the 
heart at rates up to 1,200 ml per minute. Left 
atrial return was set at 200 ml per minute, and 
all three myocardial temperatures were brought 
to 30°C before cooling was commenced. 


FLOW RATE AND LEVEL OF COLD SALINE. In 7 
isolated hearts the effect on cooling of varying 
the rate of flow of saline at 4°C over the surface 
of the heart was studied. In four experiments 
the flow rate was increased in steps from zero as 
follows: 100, 350, 800, and 1,200 ml per minute. 
In three experiments the flow rates were varied 
in the reverse order. Time was allowed at each 
flow rate for myocardial temperatures to reach 
equilibrium. All seven experiments were done 
in two ways: first, the level of saline was kept 
high so that both ventricles were completely 
immersed (“high level”); second, the saline was 
run over the ventricular surface but was aspi- 
rated from the bottom of the pericardial well so 
that no pool of saline could accumulate (“low 
level”). The high level simulated the conditions 
possible during aortic valve replacement proce- 
dures. The low level simulated the conditions 
during mitral valve replacement when the left 
atrium is opened and no pool of saline can be 
allowed to accumulate. 

DISTRIBUTION OF COLD SALINE AROUND HEARTS. 
In this experiment done in 3 hearts, the cool- 
ing method used was as follows: saline at 4°C, 
flow rate of 1 liter per minute, and saline pool 
completely covering the heart. Venous return + 
was set at zero. During a control period the , 
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heart was allowed to rest under its own weight 
against the bottom of the pericardial cradle. In 
the test period the left ventricle was elevated on 
a loosely woven nylon-mesh spacer. The spacer 
allowed free flow of cold saline between the 
posterior surface of the ventricle and the 
pericardium. Finally, the spacer was removed 
for a second control period. Sufficient time was 
allowed during each period for myocardial 
temperatures to reach steady state values. 

TEMPERATURE OF SALINE IRRIGATION. The ef- 
fect of altering the temperature of the pericar- 
dial saline irrigation was tested in 2 hearts by 
recording cooling curves with saline at 4° and 
10°C. Additionally, in 1 heart the temperature 
of the external saline irrigation was varied in 
steps between 1.5° and 16°C. Time was allowed 
at each level for temperature equilibration. 

VENTRICULAR CAVITY IRRIGATION. The effect 
of periodic lavage of the left ventricular cavity 
with cold saline was studied in 6 hearts. For the 
first five minutes of cooling and thereafter for 
two minutes out of every ten, the catheter de- 
livering saline at 4°C and 1 liter per minute was 
placed in the left ventricular cavity through the 
aortic valve. For the rest of the time the catheter 
irrigated the outside of the heart. When tem- 
peratures were steady, the same hearts were 
rewarmed and then cooled by external irriga- 
tion with saline at 4°C flowing at 1 liter per 
minute over the whole cardiac surface. 

PERFUSION COOLING. The efficacy of cooling 
by coronary perfusion was studied in the same 
6 hearts used in the cavity-cooling experiment. 
The aortic root was perfused continuously with 
saline at 4°C at a pressure of 100 mm Hg and 
cooling curves were recorded. 


Results 

FLOW RATE AND LEVEL OF COLD SALINE. As the 
saline flow was increased from 100 to 350 ml per 
minute, regardless of the fluid level, there was a 
significant (p < 0.05) fall in mean equilibrium 
temperature in all three regions of the myocar- 
dium (Fig 2). Increasing the flow rate to more 
than 350 ml per minute caused no further fall in 
myocardial temperatures. There was no signifi- 
cant difference between the septal temperature 
under high and low level conditions nor be- 
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Fig 2. Effect on equilibrium myocardial temperature of 
variation of the rate of flow of cold saline. (LV = left 
ventricle.) 


high and low levels. However, the posterior left 
ventricular temperature was usually lower 
when the saline level was higher, but the mean 
values were significantly different only at the 
highest flow rate of saline (p < 0.05). 

DISTRIBUTION OF COLD SALINE AROUND THE 
HEART. The three experiments yielded similar 
results, and a typical one is illustrated in Fig- 
ure 3. With the heart resting on the peri- 
cardium so that saline could not circulate 
posteriorly, the posterior left ventricular tem- 
perature was 22°C. Elevating the heart on the 
nylon-mesh spacer so that saline could circulate 
freely posteriorly caused a rapid i in posterior 
left ventricular temperature to 11°C. When the 
spacer was removed and the heart was allowed 
to sink down on the pericardium again, this 
temperature rose to 18.5°C. 

TEMPERATURE OF SALINE IRRIGATION. Cool- 
ing curves obtained from the 2 hearts studied 
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flow behind the heart produced by the spacer. (LV = 
left ventricle.) 


were similar, and one set is illustrated in Figure 
4. It can be seen that saline at 4°C produced a 
more rapid and profound cooling of the heart 
than did saline at 10°C. Figure 5 illustrates the 
linear relationship between the equilibrium 
myocardial temperature and the temperature 
of the saline irrigation. | 
VENTRICULAR CAVITY IRRIGATION. Figure 6 
shows a comparison of a typical septal tempera- 
ture curve recorded during cooling by external 
irrigation supplemented by periodic lavage of 
the left ventricular cavity and a cooling curve 
produced by external cooling alone. It can be 
seen that during the periods of internal irriga- 
tion septal cobling was accelerated. The Table 
compares the mean time taken for myocardial 
temperatures to fall by 10°C in 6 excised hearts 
following the commencement of cooling by ex- 
ternal and combined external and internal irri- 
gation. Five of the 6 hearts cooled more rapidly 
in the septal area when cavity cooling was used 
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Fig 4. Cooling curves produced in the same heart by 
saline at 10° and 4°C. (LV = left ventricle.) 


but the mean cooling times were not signifi- 
cantly different in this small number of experi- 
ments. | 

PERFUSION COOLING. Perfusion cooling was 
compared with both types of irrigation cool- 
ing in the same heart (see Fig 6). Perfusion 
cooling was clearly the most rapid and uniform 
of the three. The Table shows the mean time for 
myocardial temperature to fall by 10°C follow- 
ing the commencement of cooling in 6 excised 
hearts by perfusion and by irrigation. Perfusion 
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Fig 5. Linear relationship (r = 0.96) between tempera- 
ture of saline irrigation and equilibrium myocardial tem- 
perature. (LV = left ventricle.) 


Comparison of Cooling Methods 
in 6 Excised Hearts 





Time for Temperature to Fall 
by 10°C (min) 





External 
and 
Probe Site External Cavity Perfusion 
Septum 41 +10 27+5 542 
Anterior 11+ 3 10 +2 642 
left ventricle 
Posterior 13+ 4 12 +2 4+1 
left ventricle 





cooling produced more rapid and more uniform 
cooling in all hearts. Mean cooling times were 
significantly shorter in all regions using perfu- 
sion hypothermia than irrigation hypothermia. 
The ventricular septum cooled eight times fas- 
ter during perfusion than during irrigation. 


Comment 
Griepp and co-workers [6] recommended a flow 
rate of cold saline of 100 ml per minute for the 
Shumway technique of local cardiac hypother- 
mia. Under the conditions of the present study, 
equilibrium myocardial temperature was low- 
ered by increasing the rate of flow of cold saline 
up to 350 ml per minute but not beyond this 
rate. Even higher flow rates of saline are likely 
to be beneficial at the beginning of cooling to 
‘bring the heart down to the desired equilib- 


* rium temperature. A flow of 350 ml per minute 
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Fig 6. Cooling of the same heart produced by three meth- 
ods. Internal irrigation of the left ventricular cavity was 
done during the cross-hatched time intervals. (LV = left 
ventricle.) 


is the approximate maximum that can be ob- 
tained by drainage from a bottle through a 
standard intravenous infusion set. The recir- 
culating cooling circuit described can deliver 
flows of up to 1,200 ml per minute with ease 
and convenience [19]. We used this circuit in 
the present study and employ it in our clinical 


practice, and find it very satisfactory. It re- 


quires minimal attention and avoids the fre- 
quent replacement of empty bottles of cold fluid 
necessary with gravity cooling circuits. 
Provided a stream of cold fluid was distrib- 
uted evenly over the heart, the actual level of 
the pool had little effect on myocardial tempera- 
ture. This finding has important implications . 
for mitral valve replacement and other opera: 
tions involving a left atrial incision. Prowse, 
(eh, 
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the whole surface of ihe heart is irrigated, fluid 
can be sucked away from the atriotomy without 
impairing myocardial cooling. 

It had been noted during the whole series of 
cooling experishtnts in the model and in dogs 
that the temperature of the posterior wall of the 
left ventricle was unpredictable and could be 
altered markedly by small changes in the posi- 
tion of the heart in the pericardial cradle. Only 
when the left ventricle was lifted away from 
the pericardium and free circulation of cold 
saline was allowed in between, was reliable 
cooling of the posterior left ventricle achieved. 
Our study of heat sources showed that conduc- 
tion of heat through the pericardium had little 
effect [12]. Thus, a plastic sheet or gauze swab is 
less effective in keeping the posterior left: ven- 
tricle cool than an open mesh. We have used a 
nylon-mesh pad both in the laboratory and in 
the operating room and found it effective. 

When the temperature of saline irrigation 
was varied, a linear relation was evident be- 
tween equilibrium myocardial temperature and 
saline temperature. Speicher and associates [15] 
described damage to the surface of the human 
heart produced by cooling with iced saline 
slush at ~0.5°C. Barner and colleagues [2], 
however, failed to find myocardial damage 
from the application of iced Ringer’s lactate to 
dogs’ hearts. Tyers and associates [17] used per- 
fusion cooling in a rat heart model and found 
that protection from ischemia was poorer at 
4°C than at 10° to 15°C. In clinical practice myo- 
cardial temperatures below 10°C are rarely 
achieved, and there can be no hesitation in rec- 
ommending that every effort be made to keep 
the temperature of saline irrigation at 2° to 4°C. 

Periodic irrigation of the left ventricular cav- 
ity improves cooling of the vulnerable suben- 
docardial region. Although not applicable in 
coronary artery procedures, internal irrigation 
can conveniently be done following excision of 
a valve and at intervals during the placement of 
sutures for a valve prosthesis. An interesting 
variant of this technique is used by Braim- 
bridge* who snares the cavae and continuously 
irrigates the right side of the heart with cold 


*Braimbridge MV: Personal communication, 1977. 


fluid introduced through a catheter in the right 
atrial appendage. 

Aortic root perfusion was far superior to 
other methods in rapidly and profoundly cool- 
ing all areas of myocardium. It was found that 
once the heart had been cooled by aortic root 
perfusion, the temperature could be main- 
tained by irrigation only, provided venous re- 
turn was low. Tissue metabolism and oxygen 
consumption is approximately halved for every 
10°C fall in temperature [1, 5]. Therefore, isch- 
emic periods occurring during initial stages 
of cooling are more damaging to the heart than 
the same ischemic periods when myocardial 
temperature is low, and, hence, the importance 
of aortic root perfusion with fluid at 4°C as soon 
as the aorta is cross-clamped to produce imme- 
diate cardiac arrest and rapid initial cooling. 
When major aortic incompetence is present, the 
initial cold infusion can be given through two 
hand-held coronary cannulas. The inclusion of 
cardioplegic agents [3, 7, 8] in the initial aortic 
root infusion may reduce damage to areas of the 
heart that rewarm during subsequent external 
cooling. 

In light of the present study, the following 
cooling technique is recommended: 


1. Initial coronary perfusion with cardioplegic 
fluid at 4°C, followed by external irrigation 
with Hartmann’s solution at 2° to 4°C over 
the whole surface of the heart at approxi- 
mately 350 ml per minute. 

2. A mesh spacer is placed behind the heart to 
facilitate circulation of cold fluid. 

3. As often as convenient, the interior of the 

left ventricle is irrigated with cold fluid. 

. The flow rate and distribution of cold saline 

are adjusted to maintain septal temperatures 
as near 10° to 15°C as possible. 
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Effects of Pulsatile Perfusion Pressure 

and Storage on Hearts Preserved for 24 Hours 
under Hypothermia, for Transplantation 

Luis H. Toledo-Pereyra, M.D., Ph.D., Manuel Chee, M.D., 


and Riehard C. Lillehei, M.D., Ph.D. 


ABSTRACT Canine hearts preserved for 24 hours 
under hypothermic pulsatile perfusion at a systolic 
pressure of 25 mm Hg had better perfusion and 
transplantation survival results than hearts perfused 
at 50 or 80 mm Hg. Also, hearts perfused at a systolic 
- pressure of 25 mm Hg did better than simple 
hypothermically stored hearts or fresh allografts. 
These findings indicate that hearts are adequately 
perfused for 24 hours under hypothermia for trans- 
plantation at a systolic pressure of 25 mm Hg. 


Clinical heart transplantation is an established 
mode of therapy for end-stage heart disease. 
Since the pioneer efforts of Hardy [10], Shum- 
way and Lower [1, 13, 22], and Barnard [2] and 
their associates in the use of different heart 
transplantation techniques, multiple methods 
of heart preservation have been devised [3-8, 
11, 15, 17, 18, 24, 26, 35]. Most of the heart 
preservation techniques utilized experimen- 
tally have been cumbersome and difficult to 
apply in a routine clinical setting. There are 
basically two experimental preservation meth- 
ods; one includes only flushing and storage and 
the other includes flushing and perfusion. All 
methods use hypothermia as a way to decrease 
the metabolic and functional demands of the 
preserved heart. In this paper, we study the ef- 
fects of pulsatile perfusion pressure and storage 
on hearts hypothermically preserved for 24 
hours. 
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Material and Methods 

Fifty-eight adult mongrel dogs of either sex and 
weighing from 10 to 27 kg were anesthetized 
with methohexital sodium for induction and 
halothane for maintenance (0.5 to 2.0%). Dur- 
ing anesthesia, oxygen was given through an 
endotracheal tube connected to a volume respi- 
rator. The dogs were divided equally into two 
groups of 29 donors and 29 recipients. 

The donor animals received Ringer’s lactate 
solution intravenously during excision of the 
heart. Through a median sternotomy, the heart 
and great vessels of the donor animal were 
completely dissected out. The aortic arch 
branches were tied off and divided. Once the 
heart was ready for excision, it was fibrillated 
with 30 watt-second electrical current. Then, 
the heart was excised and flushed with 500 ml 
of Ringer’s lactate solution (containing 10,000 
D/L of heparin at 7°C), except those hearts that 
were stored under hypothermia for 24 hours. 
These hearts were flushed with 500 ml of Sacks’ 
solution II [20] and stored in the same solu- 
tion at 7°C. The Sacks’ solution II contained 
an intracellular concentration of electrolytes 
(sodium, 12 mEq/L; potassium, 120 mEq/L; 
phosphate, 115 mEq/L; chloride, 15 mEq/L; 
bicarbonate, 15 mEq/L; and magnesium, 14 
mEq/L) and an osmolarity of 420 mOsm/L ad- 
justed with 37.5 gm of mannitol. The flushing 
pressure was 40 cm of water, and the time nec- 
essary for 500 ml of solution to flush the organ 
was the flushing time. 

The perfused group of hearts was placed in a 
pulsatile perfusion machine (Mox-100) for 24 
hours [29]. The perfusion conditions were as 
follows: hypothermia, 7°C; Po, 200 mm Hg; 
and Pco, adjusted to maintain a pH of 7.35. The 
systolic perfusion pressure was arbitrarily se- 


lected at 25, 50, and 80 mm Hg, depending on ° 
the group studied. These pressure levels were ,. 


- 
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within the range of 60 mm Hg, that is, the sys- 
tolic perfusion pressure routinely used for clini- 
cal kidney perfusion [29]. The perfusion was 
not carried out at a constant, fixed pressure 
level. The initial systolic pressure was set at the 
level to be studied; within an hour it was 
readjusted to the initial level, and thereafter the 
pressure and flow were not controlled, The total 
flow was directly related to the perfusate pres- 
sures. The stroke volume also depended on 
the level of perfusate pressure and was equiva- 
lent to the total flow. The flow and pressure 
curves were pulsatile. The pulse rate was 60 
beats per minute. The perfusate utilized was 
double-frozen, thawed, and filtered cryopre- 
cipitated dog plasma. This plasma had the fol- 
lowing additives per liter: magnesium sul- 
fate, 8 mEq; phenolsulfonphthalein dye, 2 ml; 
insulin, 80 U; penicillin, 250,000 U; mannitol, 
2.5 to 5 grams; and methylprednisolone, 500 
mg. The final concentration of electrolytes was 
the following: sodium, 135 to 145 mEq/L; potas- 
sium, 4.6 to 5.5 mEq/L; and osmolarity, 300 
to 310 mOsm/L. The perfusion machine was 
primed with 500 to 700 ml of cryoprecipitated 
plasma. The heart was placed in the machine 
and perfused through the aorta or the subcla- 
vian artery. The superior and inferior vena 
cava, the pulmonary artery, and the pulmonary 
veins were left open for free drainage during 
perfusion. 

After 24 hours’ perfusion or simple storage, 
the heart was transplanted into tne abdomi- 
nal vascular structures of a recipient dog. The 
abdominal aorta and the inferior vena cava 
were exposed through a midline laparotomy. 
The aorta of the donor heart was sutured to 
the recipient abdominal aorta with 5-0 Prolene 
continuous suture, and the pulmonary artery 
was sutured to the recipient's inferior vena cava 
also with 5-0 Prolene continuous suture. Before 
the vascular anastomosis, the donor’s aorta and 
pulmonary artery were trimmed to 1.0 to 2.0 
cm above the valves to avoid any outflow 
obstructing situation, as suggested by O’Con- 
nell and his group [16]. The superior and in- 
ferior vena cava from the donor heart were stick 
tied with 3-0 cardiovascular Tevdek. The pul- 
‘monary veins were tied off with 3-0 Tevdek. 


°” The vascular clamps were released, the air was 


vented from the left entice: and the heart was 
gently massaged. One to 2 ml of 10% calcium 
chloride was injected into the left ventricle. If 
the heart did not start spontaneously after 21⁄2 
to 5 minutes of massage, it wads defibrillated 
with electric shock current. As soon as, hemo- 
stasis was obtained, the abdomen was closed 
in the usual manner (Fig 1). 

Full-thickness samples (0.2 cm) from the left 
ventricle (always from the same site and at the 
same step of the experiment) were obtained for 
light microscopy at the end of preservation, 
after transplantation, and immediately before 
death. Multiple sections (3) of each sample were 
examined. All samples were fixed in 10% buf- 
fered formalin. 

The heart was weighed before and after stor- 
age or perfusion. Sodium, potassium, and lactic 
acid were determined in the perfusate at 0, 1, 2, 
3,6, 12, and 24 hours. 

All 29 recipient animals received Ringer’s lac- 
tate solution, 100 ml per hour during operation 
and 750 ml every 24 hours for 2 days. Thereaf- 
ter, the diet was restarted gradually. All dogs 
received azathioprine, 5 mg per kilogram a day 
for the first 3 days and then 2.5 mg per kilogram 
a day until death. Ampicillin, 1 gm, was given 
intramuscularly or intravenously daily for 3 
days. 

All dogs were clinically assessed every day. 
Strength of the heart beat was determined by 
palpation. Electrocardiograms were made im- 
mediately after operation and every other day 
until the end of the study. When no heart beat 
was identified and no electrical activity was 
found in the electrocardiogram, the dog was 
killed and the heart was removed for final 
study. Postmortem examination was performed 
on all dogs. 

Five groups of recipient animals (5 dogs per 
group) were included in this study. Group 1 
included the control animals with fresh (un- 
perfused) transplanted hearts. In Groups 2, 3, 
and 4, the hearts were perfused for 24 hours at 
80,50, and 25 mm Hg of systolic perfusion pres- 
sure, respectively, and in Group 5, they were 
stored under hypothermia in Sacks’ solution for 
24 hours. Statistical analysis with Student’s t 
test and analysis of variance was determined for 
all factors among the groups of animals. 


26 The Annals of Thoracic Surgery Vol 27 


No 1 January 1979 


Flushing Solution 











n 
Ringer's 
; (300-500 mi) 
Heart Donor A (710°C) 
oe 
n 
Flushin ne od 
Sacks" 
(300-500 ml) 
{7-10°C) 


Hypothermic Storage 
(7°C) 


(24 hours) 
(Sock s* Solution) 





Fig 1. Experimental design to determine the effect of 
pulsatile perfusion pressure and hypothermic storage of 
heart allografts preserved for 24 hours. 


Four recipient dogs were immediately ex- 
cluded from the final results because of tech- 
nical or unrelated causes of death. One dog 
(Group 1) died of distemper, 1 of intussuscep- 
tion (Group 2), and 2 of abdominal aorta 
bleeding (Groups 3, 5). 


Results 

Control Unperfused Fresh Hearts 

Control fresh hearts survived an average of 13 
days after transplantation (Fig 2). All hearts 
were viable after grafting. Three hearts started 
beating spontaneously after transplantation, 
and 2 required defibrillation maneuvers. There 
were no abnormal histological changes in any 
of these hearts. 
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Fig 2. Effect of systolic perfusion pressure and 
hypothermic storage (Sacks’ solution) on the survival of 
heterotopic heart allografts. Hearts perfused at a sys- 
tolic pressure of 25 mm Hg had a significantly (p < 
0.05) longer survival than the hearts perfused at a sys- 
tolic pressure of 50 or 80 mm Hg. There were no signifi- 
cant differences (p > 0.08) in survival between the 
fresh, stored, or best perfused (25 mm Hg) hearts. 
Hearts perfused ata systolic pressure of 80 mm Hg were 
significantly (p < 0.001) worse than those in any other 
group. Hearts perfused at a systolic pressure of 25 mm 
Hg were not siznijicantly different (p > 0.08) from 
fresh or stored allozrafts. 
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Fig 3. Changes in systolic perfusion pressure in the dif- 
ferent groups of perfused hearts during 24 hours (mean 
+ standard deviation). 


Hearts Perfused at 80 mm Hg 

Systolic Pressure 

The hearts perfused at a systolic perfusion pres- 
sure of 80 mm Hg showed a significant increase 
(p < 0.01) in systolic perfusion pressure at the 
end of 6 hours. Thereafter, there was an even 
higher increase in systolic pressure until the 
end of perfusion (Fig 3). The diastolic perfusion 
pressure increased from 35 + 15 mm Hg (mean 
+ standard deviation) to 60 + 35 mm Hg (p < 
0.005) at the end of the study. The mean perfu- 
sion pressure varied directly with the incre- 
ments in the systolic and diastolic pressures. 
The mean perfusion pressure increased from 
57.5 + 20 mm Hg at the beginning of perfusion 
to 82.5 + 52 mm Hg at the end of the study. The 
perfusion flow was significantly (p < 0.05) de- 
creased after the first 2 hours of perfusion and 
thereafter continued decreasing until the end of 
the study (p < 0.001) (Fig 4). The total flow was 
directly related to the pressure and weight of 
the heart and decreased proportionally with the 
perfusate flow. The stroke volume was equal to 
the total flow and, therefore, was a variable of 
the systolic perfusion pressure also. The stroke 
volume decreased from an average of 400 ml 
per minute to an average of 225 ml per minute 
at the end of perfusion. The organ weight 
showed a continuous increase from the first 
hour of perfusion (15.5 + 5.8% from the initial 
weight in grams) until the end of the study (40.7 
"+ 15.2%) (p < 0.005) (Fig 5). There were no 
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Fig 4. Effect of systolic perfusion pressure on perfusion 
flow during 24 hours’ hypothermic pulsatile perfusion 
(mean + standard deviation). 
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Fig 5. Effect of systolic perfusion pressure and 
hypothermic storage (Sacks’ solution) on weight gain 
during the study (mean + standard deviation). 


significant perfusate changes observed in the 
sodium or potassium at any time of the study. 
Lactic acid increased to 18.5 + 5.9 mg per 100 ml 
and 24.2 + 8.2 mg per 100 mi at 12 and 24 hours. 
of perfusion, respectively. 

The hearts in this group of dogs were signifi- 
cantly damaged after perfusion. Two had to be 
vented through the left ventricle because of 
heart overdistention at 6 and 8 hours after the 
beginning of perfusion. The average survival 
after transplantation was less than 24 hours (see 
Fig 2). Not one of these hearts started spon- 
taneous contractions. After multiple fibrillation 
maneuvers, only 3 hearts had irregular contrac- 
tions and arrested within 24 hours. In 2 hearts, 
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adequate contractions never developed. Severe 
edema, cellular disarrangement, cytoplasm con- 
densation, and nuclei pyknotic changes were 
observed in the histological samples. 


Hearts Perfused at 50 mm Hg 
Systolic: Pressure 
Hearts perfused at 50 mm Hg of systolic perfu- 
sion pressure showed a moderate increase in 
systolic pressure in the first 6 hours of the 
study. Thereafter, the pressure increased up to 
70 + 12.5 mm Hg at 24 hours (see Fig 3). The 
diastolic perfusion pressure increased from 20 
+ 10 mm Hg to 35 + 17 mm Hg (p > 0.08) at the 
end of the study. The mean perfusion pressure 
increased from 35 + 10 mm Hg at the beginning 
of perfusion to 52 + 15 mm Hg at the end of the 
study. The perfusion flow decreased signifi- 
cantly (p < 0.01) from 3 to 6 hours of perfusion 
(see Fig 4). Afterwards, it decreased minimally 
(p > 0.08) until the end of the study. The total 
flow (equal to stroke volume) decreased from an 
average of 288 ml per minute to an average of 
180 mi per minute at the end of perfusion. The 
organ weight increased up to 9.0 + 5.8% in the 
first hour of the study. Thereafter, there was a 
significant (p < 0.05) increase up to 21.5 + 
10.7% at 12 hours. There was a minimal rise 
afterward (see Fig 5). There were no significant 
perfusate changes in sodium, potassium, or lac- 
tic acid at any time of the perfusion period. 
The hearts in this group were moderately 
damaged after perfusion. One had to be vented 
through the left ventricle because of heart over- 
distention at 6 hours of perfusion. The average 
survival after transplantation was 7 days (see 
Fig 2). In only 1 heart did spontaneous contrac- 
tions develcp. The remaining 4 hearts required 
multiple deribrillation maneuvers before regu- 
lar contractions could be established. The his- 
tological sections showed moderate edema, 
some cellular disarrangement, condensation of 
the cytoplasm, and pyknotic changes of nuclei. 


Hearts Perfused at 25 mm Hg 

Systolic Pressure 

Hearts perfused at 25 mm Hg of systolic perfu- 
sion pressure showed no increase in pressure at 
any time of the study. Contrarily, they showed 
some decrease in pressure from the third to the 
twenty-fourth hour of perfusion (p > 0.1) (see 


Fig 3). The diastolic perfusate pressure (aver- 
age, 8 mm Hg) and the mean perfusate pressure 
(average, 14 mm Hg) showed no significant 
changes throughout the whole study. The per- 
fusion How was stable with practically no in- 
creases for the first 3 hours. Then, a minimal 
increase was observed at the end of the study (p 
> 0.1) (see Fig 4). The total flow (average, 175 
ml per minute) had no significant changes 
throughout the entire study. The weight gain 
was minimal (4.5 + 2.1%) for the first 6 hours. 
Thereafter, there was a moderate increase up to 
11.2 + 5.2% at the end of the study (see Fig 5). 
There were no significant perfusate changes in 
sodium, potassium, or lactic acid at any time of 
the perfusion period. 

Hearts in this group of dogs survived an 
average of 17 days posttransplantation (see Fig 
2). All were viable after 24 hours’ perfusion. 
Three hearts started spontaneous contractions, 
and 2 had to be defibrillated before a regular 
rhythm was observed. No histological abnor- 
malities were seen in these hearts (Fig 6). 


Hearts Preserved Under 

Hypothermic Storage 

Hearts preserved under hypothermic storage 
with Sacks’ solution II survived an average of 10 
days postiransplantation (see Fig 2). Spontane- 
ous contractions developed upon grafting in 1 
heart; the other 4 required defibrillation ma- 
neuvers. Weight gain was minimal throughout 
the whole storage period (see Fig 5). There was 
a gain of 8.5 + 3.5% at the end of the study. No 
significant histological alterations occurred ex- 
cept for moderate edema and occasional cellular 
disarrangement in some hearts (Fig 7). 


Comment 

This study demonstrates that hearts can be 
satisfactorily preserved for 24 hours under 
hypothermic pulsatile perfusion with a systolic 
pressure of 25 mm Hg. All these hearts were 
viable after transplantation, and the survival of 
hearts perfused at low systolic pressure (25 
mm Hg) was better than that of hypothermi- 
cally stored hearts. Furthermore, fresh unper- 
fused hearts did not live as long as those per- 
fused at a low pressure. Hearts perfused at @ 
systolic pressure of 50 mm Hg had shorter sur-, 
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Fig 6. Normal histological appearance of a heart pre- 
served 24 hours under hypothermic pulsatile perfusion 


at a pressure of 25 mm Hg. (H&E; original magnifica- 
tion X450.) 
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Fig 7. Histological appearance of a heart preserved 

under hypothermic storage in Sacks’ solution for 24 

hours. Intercellular edema, condensation of Fre cyto- 

“plasm, and pyknotic changes of nuclei are seen. (H&E; 
ə original magnification X450.) 
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vival results than those perfused at 25 mm Hg. 
These hearts perfused at 50 mm Hg of systolic 
pressure were moderately damaged during 
perfusion and following transplantation. A 
systolic presswre of 80 mm Hg caused severe 
and irreversible damage in all perfused and 
transplanted hearts. 

As discussed in this paper, to preserve hearts 
we have adopted a pulsatile perfusion method 
that is currently used in cadaveric kidney 
transplantation [28-33]. The hypothermic stor- 
age method also is of current use in human 
cadaver kidneys. Furthermore, other inves- 
tigators [19, 27] have shown the beneficial ef- 
fects of intracellular hyperosmolar solutions for 
simple hypothermic storage of canine hearts. 
We have demonstrated what appears to be the 
best systolic pressure for successful hypother- 
mic pulsatile perfusion of hearts for 24 hours. In 
addition, we have shown that perfusion under 
these conditions is better than simple storage at 
the same temperature and for the same period 
of time. 

Experimental perfusion of hearts has been 
utilized in various ways: with hyperbaric oxy- 
gen [7, 8], membrane stabilizers [23, 30], meta- 
bolic inhibitors [15], and pulsatile and nonpul- 
satile perfusion [11, 12, 14, 17, 18, 26, 34]. 

It is well known that high perfusion pressure 
that increases organ resistance is deleterious to 
survival. The controversy centers around the 
best perfusion pressure during heart preserva- 
tion. For instance, contrary to our results, Suros 
and Woods [26] indicated that canine hearts can 
be satisfactorily perfused with cryoprecipitated 
plasma at 80 mm Hg of perfusion pressure for 
periods up to 24 hours. On the other hand, 
Copeland and associates [6] pointed out that 
only low perfusion pressures (20 to 80 cm H,O) 
were adequate for heart preservation. Their 
perfusate was a modified crystalloid extracellu- 
lar solution with dextran and other drugs. They 
demonstrated that nonpulsatile, hypothermic 
(0°. to 3°C) perfusion of canine hearts with the 
extracellular type of solution was adequate for 
heart preservation. The most important factor 
in achieving success during heart preservation 
was low perfusion pressure. l 

Levitsky and colleagues [9, 11, 12] studied the 
effect of a colloid hyperosmolar perfusate dur- 
ing 18-hour pulsatile perfusion of hearts. The 


major functional abnormalities at the end of 
perfusion were decreased diastolic compliance 
and increased ventricular wall tension. These 
changes were related to the degree of osmolar- 
ity modizied by the addition of dextran. The 
exact cause of decreased myocardial compliance 
was not understood, and it was associated 
with factors other than edema. Trunkey and 
associates [34] demonstrated that perfu- 
sion percormed in a way similar to that of 
Levitsky and colleagues [9, 11, 12] was not ben- 
eficial to the heart. All the 24-hour preserved 
hearts showed a 30% weight gain. 

Proctor and associates [17, 18] preserved 
canine hearts up to 72 hours using a modified 
Krebs’ so_ution and a hypothermic nonpulsatile 
perfusior method. After orthotopic transplanta- 
tion, thes2 hearts appeared to have good mechan- 
ical activ.ty and showed a normal histological 
appearance. 

We believe that perfusion pressure is an im- 
portant factor for hypothermic pulsatile perfu- 
sion of canine hearts. We support the conten- 
tion that ideally perfused hearts do better than 
simple stored hearts under the current 
hypothermic techniques. Furthermore, ideally 
perfused hearts compared favorably with the 
group of resh heart transplants. 

Our technique of transplanted hearts is use- 
ful in demonstrating the effects of different 
preservat:on variables. Previous studies dem- 
onstrated that the hearts that do work with a 
heterotopic technique will perform well after 
orthotopic transplantation [21, 23, 25, 26]. 
Without a doubt, from the immunological 
viewpoin:, this abdominal heart transplanta- 
tion techrique has been shown to be useful [16, 
Ply 237 2E]: | 

In shori, our study points out that 25 mm Hg 
appears to be the best systolic pressure for suc- 
cessful hypothermic pulsatile perfusion of 
hearts for 24 hours. In many instances, higher 
systolic perfusion pressures (50 and 80 mm Hg) 
were dele:erious for perfusion and transplanta- 
tion of hearts. Also, hearts perfused at 25 mm 
Hg of systolic pressure survived longer than the 
hearts preserved by simple hypothermic stor- 
age or the fresh allografts. 
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Low-Enerey Direct 


Defibrillation of the Human Heart 


Pedro A. Rubio, M.D., and Edward M. Farrell, M.D. 


ABSTRACT A direct cardiac defibrillation study in 
30 patients who underwent heart operations with 
cardiopulmonary bypass and moderate systemic 
hypothermia is presented. No patient required more 
than 10 watt-seconds of energy for defibrillation, 
and, in 21 of them, 5 watt-seconds or less were suffi- 
cient. 


In 1775, one hundred fifty years before serious 
experiments on defibrillation were initiated, 
Abilgaard published a summary of his experi- 
ments on the effect of electric shock on animals 
[3]. More than one hundred years later, Prevost 
and Battelli [4, 5] described the fibrillating ef- 
fects of a weak current on the heart and the 
utilization of strong currents for defibrillation. 
With the advent of defibrillating equipment, 
attention was directed toward the lessening of 
cardiac damage secondary to high-energy direct 
defibrillation. Tacker and associates [7] demon- 
strated that the energy dose necessary for direct 
cardiac defibrillation could be reduced to be- 
tween 10 and 15 milliwatt-seconds per gram of 
heart weight. In 1978, Tacker and colleagues [6] 
reported a study of direct cardiac defibrillation 
in a series of 100 patients. Of these, 48 required 
5 watt-seconds or less for defibrillation. 


Material and Methods 

In a period of thirteen months, 30 patients 
ranging between 30 and 73 years old (average 
age, fifty-six years) underwent heart operations 
with extracorporeal cardiopulmonary bypass. 
Twenty-eight of these patients had coronary 
artery bypass with saphenous vein grafts. One 
patient had coronary artery bypass and aortic 
valve replacement. Another patient underwent 
primary closure of an ostium secundum defect. 
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In ali patients moderate, systemic hypothermia 
was inauced with an average core temperature 
of 30°C. In 3 patients fibrillation occurred spon- 
taneousty; in the others, it was induced elec- 
trically. The perfusion temperature at the time 
of defibrillation was 33°C + 1° in all patients. 
The sequence of energy levels for defibrillation 
was 3,5,/, and 10 watt-seconds. This sequence 
was followed until defibrillation was obtained. 
If refibrilation occurred, the energy level used 
for initial defibrillation was repeated. The heart 
weight was estimated during operation. Since 
this wes only an approximation, the ratio of 
cardiac mass relative to defibrillation dose 
could not be calculated exactly. The recalibra- 
tion of our defibrillator* showed that delivered 
energy was within + 5% of the selected energy. 
For each p=tient, a record of the following in- 
formation vas maintained: age, operative pro- 
cedure, du-ation of extracorporeal circulation, 
type of ficrillation (electrically induced or 
spontaneou:), energy for defibrillation, and the 
outcome of each defibrillation attempt. Imme- 
diately before the initial attempt at defibrilla- 
tion, a measurement of core temperature and an 
arterial blood specimen were taken. The potas- 
sium concentration, Pop, Peco, and pH were 
measured ard plotted against energy levels 
necessary for defibrillation. 


Results 

Of the 30 patients, 12 required 3 watt-seconds, 
8 required 5 watt-seconds, 3 required 7 watt- 
seconds, and 7 required 10 watt-seconds for 
defibrillation. at the time of defibrillation, val- 
ues for arterial pH, Pos, Pco., and serum po- 


' tassium concer:trations were normal in all pa- 


tients, and core -emperature was 33°C + 1° in all 
patients. Examination of all measured variables 
revealed no evidence of a correlation between 
any of them and the amount of energy required 
for defibrillatior 


*American Optical Model 262015, Bedford, MA. 
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Comment 

Fifty years of experimentation and engineering 
have provided us with the modern methods 
and equipment necessary for direct cardiac de- 
fibrillation. At present, excessive amounts of 
energy are used for direct defibrillation of the 
heart. With the utilization of lesser amounts of 
energy, the risk of producing electrical damage 
to the myocardium is decreased. Acute and de- 
layed myocardial damage secondary to nigh- 
energy direct defibrillation has been well doc- 
umented in animals by Dahl [1] and Davis [2] 
and their co-workers. Our results confirm the 
conclusion of Tacker and associates [7] that 
most human hearts can be defibrillated with 
10 watt-seconds of energy or less. 

The surgeon should abstain from initial ap- 
plications of 20 to 30 watt-seconds of energy for 
direct defibrillation. Since the patient has cir- 
culatory support, initial attempts should in- 
volve 3 watt-seconds. If unsuccessful, the 
energy levels can be gradually increased until 
defibrillation is obtained. In our experience, 
the defibrillated heart may occasionally refi- 
brillate after a few beats. In these instances it 
was not necessary to increase the energy level 
to achieve defibrillation; an additional applica- 
tion at the same level was sufficient. 

Prevention of myocardial damage can be 
achieved with the utilization of low-energy di- 
rect defibrillation. More research is necessary to 


adequately assess the ratio of myocardial dam- 
age and defibrillation dose. However, high cur- 
rent defibrillation provides no advantages to 
the patient and has a definite potential of elec- 
trical burns to the myocardium? 
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Combined Effects of Paired Ventricular Pacing 
and Propranolol on Ischemic Myocardial Injury 
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ABSTRACT In 30 dogs, acute myocardial infarction 
was produced by coronary artery ligation, and the 
dogs were divided into three groups. Group A ani- 
mals (n = 10) had coronary ligation only. In Group B 
(n = 12), paired ventricular pacing was initiated 30 
minutes following infarction. Group C (n = 8) was 
identical to Group B except that propranolol, 0.2 mg 
per kilogram.of body weight, was given intrave- 
nously 10 minutes before the initiation of paired 
ventricular pacing. High-fidelity left ventricular 
pressures, acceleration of aortic flow (max dQ/dt), 
coronary sinus creatine phosphokinase (CPK), and 
epicardial mapping were recorded serially before 
and after coronary artery ligation. The incidence of 
ventricular fibrillation was not statistically different 
in Groups A and C (2/10 and 2/8, respectively), but it 
was higher in Group B (6/12) (p < 0.05). The 
maximum first derivative of left ventricular pressure 
divided by isovolumic-developed pressure [(dP/ 
dt)/P] and max dQ/dt during the 30 minutes follow- 
ing ligation were similar in all groups; however, in 
Group B, max (dP/dt/P and max dQ/dt increased 
after the initiation of paired ventricular pacing (p < 
0.01) while in Group C the same factors. increased 
insignificantly. Coronary sinus CPK as well as the 


sum of ST segment elevations and the number of | 


sites showing ST segment elevation increased sig- 
nificantly more in Group B and significantly less in 
Group C compared with control Group A. This study 
‘suggests that in experimental acute myocardial in- 
farction, the combined effects of paired ventricular 
pacing and propranolol decrease myocardial isch- 
emic injury without altering left ventricular perfor- 
mance or increasing the incidence of ventricular fi- 
brillation. 
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Refractory tachycardias observed in the early 
postoperative period following cardiac opera- 
tion constitute a serious therapeutic problem. 
Glokal or regional myocardial ischemia and 
high levels of circulating catecholamines are 
two of the major etiological factors for these 
dysrhvihmias [3, 10, 15]. Therapeutic efforts in 
that particular period of time must include 
control of rhythm disturbances, protection of 
the ischemic myocardium, and improvement in 
left veritricular performance. X 

Paired ventricular pacing was introduced 
as a nonpharmacological tool in controlling 
tachvcardias and improving left ventricular 
dynamics. In a previous study [13], however, 
paired ventricular pacing following experi- 
mental acute myocardial infarction significantly 
increased the extent of myocardial injury as 
well as -he incidence of ventricular fibrillation. 
_ Propzanolol, a beta-adrenergic blocking agent, 
is considered the drug of choice to control 
dysrhymmias and protect ischemic myocar- 
dium m patients with high adrenergic tone 
[9, 17, 20, 29, 34]. Unfortunately, its use is 
limited in patients with left ventricular dys- 
functio— because of the negative inotropic effect 
and the resulting depression on cardiac func- 
tion. 

The present study was undertaken to test the 
hypothesis that the combined use of paired 
ventricular pacing and propranolol would con- 
trol tachyarrhythmias and protect the ischemic 
myocarcium without deleterious side effects on 
cardiac ~hythm and left ventricular function. 


Methods and Materials 

Thirty mongrel dogs of either sex, weighing 
between 20 and 25 kg, were anesthetized with 
sodium thiopental and underwent left thora- 
cotomy. Electromagnetic flow probe trans- 
ducers were placed around the aorta and left 
anterior descending coronary artery. Short, 


rigid cameters were used to monitor aortic and . 
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left ventricular pressures [13]. The first deriva- 
tives of the aortic flow (dQ/dt) [18, 25] and of 
the left ventricular pressure (dP/dt) were obtained 
by a resistance-capacitance differentiating cir- 
cuit. At least ten beats were calculated each 
time. The mean value from each dog at any 
given period was used for the statistical analy- 
sis. In order to obtain (dP/dt)/P, the maximum 
(max) dP/dt was divided by the isovolumic- 
developed pressure (P), which is the difference 
between absolute isovolumic pressure and 
diastolic pressure corresponding to the max 
dP/dt [36]. Pacemaker wires were sutured into 
the right ventricle and connected to a Medtronic 
pulse generator (Model 5837). One to three 
diagonal branches of the left anterior descend- 
ing coronary artery were dissected and encir- 
cled with a loop of vascular suture for selective 
occlusion. 

A special recording probe, connected to the V 
lead of a conventional electrocardiogram cable, 
was used for epicardial mapping utilizing the 
following technique: Mapping was performed 
at ten to fifteen sites on the anterior surface of 
the left ventricle (Table). The electrode was held 
in such a way as to minimize pressure when it 
was applied to the surface of the heart. Epicar- 
dial recordings were obtained at one-tenth of 
the normal electrocardiographic sensitivity (0.1 
mv per millimeter recordings). Sites for re- 
cording were selected within the area supplied 
by the occluded coronary artery branches, in 
the immediate adjacent zones, and in some re- 
mote areas that presumably had normal perfu- 
sion. Since the recordings obtained from each 
point were repeated several times, sites were 
selected near the bifurcation of the arteries or 
veins, SO that they were easily identifiable for 
subsequent recordings. The height of ST seg- 
ments was measured 100 msec after the onset of 
the ORS deflection. No intraventricular abnor- 
malities leading to ORS lengthening were pres- 
ent at the complexes from where the ST seg- 
ment was measured. ST segment elevatior 
greater than 0.1 mv was considered indicative 
of ischemia. Ischemic ST segment elevation was 
not present before occlusion in any of the ex- 
perimental animals. The sum of ST segment 


‘elevations and the number of sites showirg_ 
« this were calculated [12, 22]. Another catheter 


Ld 
Number of Sites Used for Epicardial Mapping® 


Dog Nc. Group A Group B Group C 
1 12 I si 12 
2 14 15 14 
3 10 13 24 
4 13 12 12 
5 12 12 13 
6 12 10 11 
7 15 11 10 
8 12 15 14 
9 14 

10 13 

11 12 

12 11 


“Sites were included in the calculation of mean ST segment 
elevetion for each dog only when they were elevated by 
more than 0.1 mv. The mean value from each dog at any 
given period was used to obtain the mean values for each 


group. 


was advanced through the right atrium into 
the coronary sinus for determination of blood 
gases and creatine phosphokinase (CPK). 

All data were recorded simultaneously before 
coronary artery occlusion and then at 15-minute 


-intervals for 90 minutes using a direct eight- 


channel thermal writing recorder (Sanborn 
7700) at speeds of 25 and 100 mm per second. 
Blood samples were obtained from the coronary 
3inus and the aortic root before coronary artery 
ligation and every 30 minutes for 150 minutes. 
They were analyzed for pH, Po: Pco,, and 
CPK. 

The tension-time index [21, 26] (the product of 
the mean systolic aortic pressure, left ventricu- 
lar ejection time, and heart rate) was computed. 
Mean systolic aortic pressure was calcu- 
lated by planimetry of the area of the systolic 
phase of the aortic pressure pulse. Left ven- 
tricular ejection time was measured from the 
opening to the closure of the aortic valve when 
the aortic pressure pulse was recorded at a 
paper speed of 100 mm per second. At least ten 
cardiac cycles were averaged to obtain the ejec- 
tion time and heart rate. 

The mean value from each dog at any given 
time was used to obtain the mean values for 
each group. 

The animals were divided into three groups: 
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Group A (10 animals) ‘was the control group 
with ligation of coronary artery branches only. 
In Group B (12 animals), paired ventricular 
pacing was initiated 30 minutes after coronary 
artery ligation? ‘In Group C (8 animals), pro- 
pranolol (0.2 mg per kilogram of body weight) 
was given intravenously 10 minutes before the 
initiation of paired. ventricular pacing. Electri- 
cal pulses had an amplitude of 4 to 5 mv anda 
duration of 2 to3 msec. Delays between the two 
pulses ranged from 180 to 240 msec. 

Statistical evaluation of data was performed 


using analysis of variance with repeated mea- 


sures with corresponding F test [40]. Chi- 
square test was used to test the significance of 
the incidence of ventricular fibrillation among 
the three groups. 


Results 

The ventricular fibrillation rate was different in 
each group. Two animals fibrillated from Group 
A, 2 from Group C, and 6 from Group B (p < 
0.05). Regardless of the fact that defibrillation 
was achieved in all animals, only the data from 
dogs that completed the whole experimental 
period uneventfully are reported hereafter. 


Ventricular fibrillation occurred almost imme- > 


diately after the initiation of paired ventricular 
pacing in Groups B and C and within 30 min- 


utes after coronary artery ligation in the control. 


group. 

No significant differences of the sum of ST 
segment elevations or the number of sites 
showing ST segment elevation equal or greater 
to 1 mv were observed in the three groups 
during the first 30 minutes following ligation of 
the coronary arteries. In Group A, these re- 
mained unchanged for the entire experimental 
period (Fig 1). In Group B, a significant increase 
in both measurements was observed following 
paired ventricular pacing (see Fig 1). Thus, the 
sum of ST segment elevations increased from 
36.0 + 2.8 (+ standard error) to 62.5 + 8.6 (p < 
0.001) and the number of sites increased from 
7.5 £ 0.6 to 9.2 + 0.5 (p < 0.05). In Group C, 
both measurements decreased below the con- 
trol group 15 minutes following the initiation of 
paired ventricular pacing and subsequently 
remained constant (see Fig 1): the sum of ST 
segment elevations decreased from 36.7 + 3.0 to 


21.0 + 4.4 (p < 0.01) and the number of sites 
from 7.3 + 0.5 to 4.5 + 0.7 (p < 0.01). 
Chenges in coronary sinus CPK in all three 
groups 150 minutes after coronary artery liga- 
tion are shown in Figure 2. The CPK increased 
more -n Group B (88.1 + 12.2 U/ml) than in 
Group A (49.7 + 8.3 U/ml) (p < 0.001), with the 
lowest increase observed in Group C (20.5 + 3.3 
U/ml) compared with the other two groups (p < 
0.001, Group B, and p < 0.01, Group A). 
Figure 3 shows the sequential changes of 
heart rete and tension-time index during the 
entire experimental period in the three groups. 
While heart rate remained relatively constant in 
Group A throughout the study, a significant de- 
crease was noticed in both Groups B and C after 
the initiztion of paired ventricular pacing. In 
Group B, heart rate decreased from 134.3 + 1.1 
to 91.2 + 5.2 beats per minute (p < 0.001) and 
in Group C from 137.8 + 2.3 to 85.5 + 3.3 (p < 
0.001). Although heart rate decreased slightly 


more in Group C, this change was not statisti- . 


cally signizicant compared with Group B. 

Tension-time indexes in Group A remained 
unchanged throughout the study. In Group B, 
the index decreased from 2,550 + 150 to 2,300 + 
140 mm H¢g’‘sec/min after the initiation of paired 
ventricular pacing (p < 0.05). In Group C, it 
decreased even more, from 2,600 + 120 to 1,600 
+ 160 mm Fg/sec/min. This change was statisti- 
cally different from both Group A (p < 0.001) 
and Group E (p < 0.01). 

Changes in left ventricular performance are 
demonstrated in Figure 4. In all groups, max 
dQ/dt decreased following coronary occlusion, 
reaching the sowest point 30 minutes following 


coronary artery ligation. Thereafter, it remained - 


relatively constant in Group A. In Group B, 15 
minutes after the initiation of paired ventricular 
pacing, dQ/dt increased from 19.0 + 1.7 to 
27.1 + 2.5 (p < 0.01), an average of 30%, and 
remained relatively unchanged to the end of the 
study. In Group C, max dQ/dt increased slightly 
but not significantly following the application 
of paired ventricular pacing. In all three groups, 
max (dP/dt)/P decreased uniformly during the’ 
first 30 minutes following the onset of coronary 
occlusion. It then stabilized in Group A and 
remained unchanged throughout the entire ex-’ 


perimental pericd. In Group B, it increased * 


í 
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Fig 1. Changes of the sum of ST segment elevations 
(2ST) and the number of sites showing ST segment ele- 
vation (NST) in the three groups during th2 entire ex- 
perimental period, (* = significant difference from the 
control [Group A]; t = significant difference between 
Groups B and C; MI = myocardial infarction; PVP = 
paired ventricular pacing; SEM = standard error of the 
mean; AMI = acute myocardial infarction.) 
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Fig 2. Changes in coronary sinus creatine phospho- 
kinase (ACPK) in the three groups. ‘Abbreviations 
same as for Figure 1.) 


i from 20.0 + 1.5 to 30.2 +1.5 (p < 0.01) 15 min- 
x utes after the initiation of paired ventricular 
pacing and remained unchanged until the end 
of the study. In Group C, no significant changes 
were observed. 

Left ventricular systolic pressure and aortic 
‘flow were increased slightly in Group B fol- 
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lowing paired ventricular pacing, but they re- 
mained unchanged in Groups A and B between 
30 and 90 minutes following coronary artery 
ligation. No significant changes among all 
groups were observed in regional coronary 
flow, arterial and coronary sinus blood gases, or 
arterial-coronary sinus oxygen differences. 


Comment 

Refractory tachycardias following open-heart 
operation or myocardial infarction remain a 
difficult problem [12, 15]. The initial enthu- 
siasm that followed the clinical application of 
paired ventricular pacing was succeeded by the 
fear that the strong inotropic effect of this mo- 
dality might have a detrimental effect on isch- 
emic myocardium [6, 14, 23, 33]. We have 
shown previously [13] that paired ventricular 
pacing in experimental myocardial infarction 
produced a significant increase in ischemic 
myocardial injury as well as in the incidence of 
ventricular fibrillation, despite the fact that 
heart rate decreased significantly. The decrease 
of the heart rate achieved by paired ventricular 
pacing did not counteract the increased ino- 
tropism. 

The beneficial effects of propranolol in pa- 
tients with coronary artery disease have been 
well established [2, 17, 39]. Propranolol de- 
creases myocardial contractility and, therefore, 
myocardial oxygen consumption and also de- 
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Fig 3. Sequential changes of heart rate and tension-time 
index (TTI) in the three groups. (Abbreviations same as 
for Figure 1.) 
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Fig 4. Changes in the first derivative of aortic flow 
(dQ/dt) and the maximum first derivative of left ven- 
tricular pressure divided by isovolumic-developed pres- 
sure [(dP/dt)/P] in the three groups throughout the 
study. (Abbreviations same as for Figure 1.) 


creases the incidence of tachyarrhythmias par- 
ticularly in patients with high adrenergic tone 
(2, 9, 31]. In addition, it decreases platelet 
aggregation, which in patients with high ad- 
renergic tone has been shown to promote sub- 
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endocardial necrosis. Propranolol also increases 
subendocardial flew and shifts the dissociation 
curve of oxyhemog-obin to the right, positively 
affecting the delivery of more oxygen into myo- 
cardial tissue [10, 17, 28, 29]. Despite these ben- 
eficial effects of prepranolol, its use in the im- 
mediate postoperaitve period may be limited 
because of its negat- ve inotropic effect [35, 37]. 
In the present study, the combined effect of 


propranolol and pared ventricular pacing re-> 
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sulted in a significant decrease in heart rate 
with no deleterious effect on left ventricular 
performance as measured by such factors as 
max (dP/dt)/P, dQ/dt [18, 25, 36], and ascending 
aortic blood flow. 

Changes in the magnitude of myocardial in- 
jury were evaluated by measuring CPK enzyme 
in the coronary sinus and by epicardial map- 
ping expressed as differences in the sum of ST 
segment elevations and the number of sites 
showing ST segment elevation. Although 
changes in ST segment elevations may be found 
without alterations in infarct size, many studies 


have shown that ST segment elevation aids in 


determining the extent of the ischemic myocar- 


dial injury [4, 5, 11, 19]. This index, although 


not quantitative, is at least indicative of qual- 
itative changes following an ischemic injury [1, 
7,22]. Observations were carried out repeatedly 
at the same epicardial sites to minimize varia- 
tion in coronary arterial distribution among 
different animals with each animal serving as 
its own control. The constant number of sites 
showing ST segment elevation and the minimal 
variation in the magnitude of ST segment ele- 
vation during repetitive measurements in the 
control group demonstrated the reproducibility 
of this method in the studied animals. 

It is apparent from the data that the extent of 
myocardial injury was similar before either the 
initiation of paired ventricular pacing or the 
administration of propranolol [22]. Paired ven- 
tricular pacing alone increased the extent of 
ischemic myocardial injury as was noted from 
the increased sum of ST segment elevations, 
number of sites of elevation, and CPK changes. 
When paired ventricular pacing was combined 
with propranolol, the sum and number of sites 
decreased significantly and the change in CPK 
was significantly less than in the control group. 
Coronary sinus CPK was evaluated because 
CPK changes in the coronary sinus were more 
profound than in the peripheral arterial sample 
when measured simultaneously. 

Ventricular fibrillation is one of the most 
hazardous complications of paired ventricular 
pacing [8, 24, 30]. This is particularly true for 
ischemic myocardium and may occur because 


_ of an asynchrony of depolarization and the in- 
* crease in myocardial oxygen consumption [6, 


° 
8]. High adrenergic tone accompanying acute 


infarction also lowers the ventricular fibrillation 
threshold. The high incidence of ventricular 
fibrillation, however, was not noticed when 
paired ventricular pacing was combined with 
propranolol. R 

It has been reported that tension-time index 
correlates well with myocardial oxygen con- 
sumption [21, 26]. However, many inves- 
tigators have found that paired ventricular 
pacing increased oxygen consumption regard- 
less of the decrease in tension-time index [16, 
23, 27]. Different mechanisms have been pos- 
tulated to explain this discrepancy. They in- 
clude the speed of contraction, the second in- 
effective cardiac beat, and the increase in mag- 
nitude and area of ventricular pressure of the 
effective beat [14, 23]. Furthermore, Sarnoff and 
associates [27] considered the loss of intracellu- 
lar potassium of the myocardium as the respon- 
sible factor for the increase in the oxygen con- 
sumption instead of the deleterious effect of the 
elevated dP/dt. While all these factors might in- 
crease oxygen consumption, they are not re- 
flected in the calculation of tension-time index. 
In this study, tension-time index remained un- 
changed in Group A, while a significant de- 
crease was observed in Group B following 
paired ventricular pacing. In Group C, a further 
decrease in this index was noticed, which was 
statistically significant from both other groups. 
Small, nonsignificant changes in heart rate and 
arterial pressure in Group C most likely were 
responsible for the drop of tension-time index. 

In summary, paired ventricular pacing in 
acute experimental myocardial infarction in- 
creases myocardial contractility, decreases heart 
rate, propagates ischemic injury, and increases 
the incidence of ventricular fibrillation. When 
paired ventricular pacing is combined with 
propranolol, myocardial contractility is slightly 
increased, heart rate is decreased, ischemic 
myocardial injury is decreased, and the in- 
creased incidence of ventricular fibrillation is 
abolished. Since a heart that has just undergone 
operation in many ways resembles the acute is- 
chemic model, the combination of paired ven- 
tricular pacing and propranolol may be useful 
for controlling difficult tachyarrhythmias in the 
early postoperative period. 
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Perioperative Myocardial Infarction Associated 


with Coronary Artery 


Bypass Graft Surgery: 


Improved Sensitivity in the Diagnosis Within 6 Hours 
after Operation with “Tc-Gluccheptonate Myocardial 
Imaging and Myocardial-Specitic Isoenzymes 


Arthur J. Roberts, M.D., John R. Combes, M.D., Jerome G. Jacobstein, M.D., 
Daniel R. Alonso, M.D., Martin R. Post, M.D., Valavanur A. Subramanian, M.D., 
Ronald M. Abel, M.D., Norman Brachfeld, M.D., Susan A. Kline, M.D., 


and William A. Gay, Jr., M.D. 


ABSTRACT The present study was performed to 
evaluate scintigraphic imaging with technetium 
99m-labeled glucoheptonate and serum enzyme 
levels of creatine phosphokinase isoenzyme (MB- 
CPK) in the early diagnosis of perioperative acute 
myocardial infarction associated with saphenous 
vein bypass graft operations. Myocardial imaging 
was done in 27 patients (50% of whom were consid- 
ered high-risk) before operation and again 5 hours 
after operation. Four of these patients (15%) had 
both electrocardiographic and serum MB-CPK evi- 


dence of acute myocardial infarction, and all 4 had 


developed positive postoperative scintigrams. Four 
other patients had only elevated serum MB-CPK, 
and scintigrams became positive after operation in 3 
of them. In addition, serum MB-CPK 6 hours after 
operation was 83 + 21 mIU/mi (mean + standard 
error of the mean) in patients with positive post- 
operative scans compared with 24 + 5 mIU/ml in 
those patients with negative postoperative scinti- 
grams (p < 0.001). 

Myocardial imaging with ”"Tc-glucoheptonate in 
the perioperative period is rapid, safe, and atrau- 
matic. Furthermore, our results suggest that it is a 
sensitive method for the early diagnosis of perioper- 
ative acute myocardial infarction, and, when imag- 
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ing is combined with serum MB-CPK isoenzyme 
analysis, the reliability of the diagnosis of acute 
myoca-dial infarction is enhanced even further. 
Only 1 of the patients who showed perioperative 
myocardial damage had acute hemodynamic com- 
promise or obvious impairment of recovery in 
the immediate postoperative period, and the 30- 
day mcrtality of the total group was 4% (1 of 27). 


Coronary artery revascularization is an effective 
means of relieving the symptoms of angina 
pectoris [25]. However, controversy exists re- 
gardinz the frequency and importance of acute 
myocardial infarction during the perioperative 
period. The reported incidence of perioperative 
myocardial infarction ranges from 2% to ap- 
proximately 30% [9, 10, 16, 19]. Many factors 
may account for this variation, including dif- 
fering techniques of intraoperative myocardial 
protection, experience of the surgical team, pa- 
tient se_ection, and the choice of electrocardio- 
graphic (ECG), enzymatic, and scintigraphic 
criteria for the diagnosis of acute myocardial 
necrosiz. Furthermore, establishing the diag- 
nosis of acute myocardial infarction in the set- 
ting of a cardiac procedure is difficult since 
many of the usual criteria may be obscured by 
the surgical procedure itself. Complaints of 
chest pain may be absent or difficult to inter- 
pret, and the serum levels of enzymes released 
by injured myocardium including creatine 
phosphokinase (CPK), serum glutamic-oxalo- 
acetic transaminase, and lactic dehydrogenase are 
consister.tly elevated as a function of extensive 
surgical manipulation [1, 4, 7] and, therefore, 
do not necessarily indicate cardiac damage.’ 
Even the myocardial isoenzyme of creatine: 


{ 
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phosphokinase (MB-CPK), a sensitive and spe- 
cific indicator of myocardial injury in coronary 
care unit populations [27], has been questioned 
as a reliable marker of notable myocardial ne- 
crosis after cardiac operations [14, 20]. ECG 
changes are often difficult to interpret after op- 
eration since most patients exhibit some form 
of S-T segment and T wave changes. Indeed, 
even the diagnostic specificity of the develop- 
ment of new Q waves after myocardial revas- 
cularization has been questioned [5]. 

Recent reports of myocardial infarct imaging 
with technetium 99m-labeled pyrophosphate 
indicate that this noninvasive technique may 
accurately identify acute myocardial infarcts 
both in patients in the coronary care unit 
[28] and in patients undergoing coronary artery 
bypass procedures [17, 19]. However, this agent 
is most effective when scanning is delayed until 
24 hours or more after infarction [11, 26], and 
results in the early postoperative period are 
therefore probably not reliable. 

Recent work in our laboratory has shown that 
technetium 99m-labeled glucoheptonate clearly 
delineates experimental myocardial infarcts in 
the dog [22] and has the distinct advantage of 
permitting the detection and quantitation of 
such infarcts within 4 to 6 hours of occurrence 
[2, 13]. Preliminary studies in humans show 
similar results [6], but pathological verification 
of myocardial necrosis in an area of increased 
radiopharmaceutical uptake has been possible 
in only a limited number of patients to date. 
The present study was undertaken to evaluate 
the usefulness of serum MB-CPK and *™Tc- 
glucoheptonate myocardial imaging in the 
early identification of myocardial infarction 
related to coronary artery operations. 


Methods 

Twenty-seven consecutive patients admitted 
to The New York Hospital-Cornell Medical 
Center Cardiothoracic Surgery Unit for coro- 
nary bypass operation were studied. There 
were 19 men and 8 women, and the average 
age was 55 years. The clinical characteristics of 
the patients showed that a high proportion 
were at risk for developing new perioperative 


“myocardial damage. The primary indications 


for operation were chronic stable angina (13 


patients), unstable angina (8 patients), con- 
gestive heart failure (3 patients), and postin- 
farction angina (3 patients). Clinical and ana- 
tomical subgroups included the following: 5 
patients with an ejection fraction of less than 
0.3; 1 patient who required saphenous vein 
bypass graft reoperation; 4 patients with a le- 
sion of the left main coronary artery greater 
than 50%; and 17 patients with a history of 
previous myocardial infarction. 

The operative technique consisted of total 
cardiopulmonary bypass, left ventricular vent- 
ing, mild core cooling (28°C), topical hypo- 
thermia (4°C), and intermittent aortic cross- 
clamping for distal anastomosis. All patients 
in the series received saphenous vein bypass 
grafts either as single or sequential vascular 
conduits. There were 5 single, 11 double, and 
9 multiple saphenous vein bypass grafts. 
There was 1 saphenous vein bypass graft com- 
bined with a valve replacement and 1 combined 
with resection of a left ventricular aneurysm. 
An average of 2.7 vein grafts per patient were 
inserted, and the average time of aortic cross- 
clamping for each distal coronary anastomosis 
was thirteen minutes. 

In order to better understand the results of 
myocardial imaging and serum MB-CPK levels 
in patients with myocardial ischemia, 15 other 
patients without coronary artery disease were 
also studied and served as controls. Five of 
them underwent valve replacement and 10 had 
thoracotomy without a cardiac procedure. 

The clinical protocol is outlined in Figure 1. 
CPK isoenzymes were assayed in blood sam- 
ples taken before operation and 6, 12, 24, and 48 
hours after operation. MB-CPK was assayed 
fluorometrically as described by Roberts and 
associates [24]. Since elevated levels of serum 
MB-CPK are frequently observed after coronary 
artery procedures, in order to have some stan- 
dard by which to evaluate each patient, a sub- 
group of patients undergoing cardiopulmonary 
bypass who had an uncomplicated postopera- 
tive clinical course and had no abnormal ECG 
changes were studied, and the highest value for 


‘serum MB-CPK observed in this group (40 


mIU/ml) was considered the upper limit of 
normal after operation. ECGs were obtained 
before operation and 2, 5, 24, and 48 hours after 
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ECG ECG 
» MB-CPK MB-CPK 


Fig 1. Pratocol for the perioperative myocardial in- 
farction study in 27 patients. (Inj = injection of isotope; 
SVBG = saphenous vein bypass graft; ECG = electro- 
cardiogram; MB-CPK = creatine phosphokinase isoen- 
zyme.) 


operation. The day before operation, scinti- 
grams were made 5 hours after the patients 
had received an intravenous injection of 20 mCi 
of *™Tc-glucoheptonate. A second injection 
was given immediately upon completion of the 
operation, and the postoperative scintigrams 
were obtained 5 hours later. Imaging was per- 
formed in the anterior and left anterior oblique 
projections using an Ohio Nuclear Series 120 
mobile gamma scintillation camera equipped 
with a medium resolution, low energy, high 
sensitivity collimator. One million counts over 
the entire field were collected for each image 
and recorded on Polaroid film. Neither ar- 
rhythmia nor other side effects were observed 
from either the injection of the radionuclide or 
the imaging procedure itself. 

The myocardial scintigrams were interpreted 
by one of us (J. G. J.) without knowledge of the 
clinical course. A positive scintigram was 
defined as the development of a new localized 
area of increased activity in the postoperative 
study. The ECG diagnosis of perioperative in- 
farction was made on the basis of new Q waves 
and the evolution of transmural changes. The 
ECGs were interpreted independently by two 
cardiologists (M. R. P. and S. A. K.) who were 
unaware of either the clinical or scintigraphic 
findings. 


Results 

The quality of the postoperative scintigrams 
was sufficiently clear of background interfer- 
ence after the early radionuclide injection im- 
mediately after operation and subsequent 


MB-CPK 
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E26 ECG 
M3-CPK MB-CPK 


imaging schedule 5 hours later, that accurate 
delineation of the presence of new myocardial 
damage was possible (Fig 2). Uptake in the sur- 
gical incision was not a problem after median 
sternotonry. The incidence of perioperative 
myocardial infarction as determined by *™Tc- 
glucoheptcnate myocardial scintigraphy was 
compared with the results of ECG and serum 
MB-CPK analysis (Table). All 7 patients with 
positive scans had serum MB-CPK levels higher 
than 40 miU/ml while only 4 of the 7 had asso- 
ciated ECG changes diagnostic of transmural 
infarction. There were no false positive scans, 
i.e., NO positive scintigrams with either enzyme 
or ECG evidence of infarction. Only 1 of the 20 
patients with negative scans had an elevation of 
serum MB-CPK greater than 40 mIU/ml, while 
none in this group had ECG evidence of infarc- 
tion. 

Elevations cf serum MB-CPK had maximal 
diagnostic valie in the initial 6 hours after 
operation (Fig 3). Six hours postoperatively, 
serum MB-CPE. was 83 + 21 mIU/mi in pa- 
tients with a pasitive scan as opposed to 24 + 
5 mlU/ml in patients with negative scans (p < 
0.001). In contrast, the group of patients under- 
going valve replacement had mean serum MB- 





Fig 2. Three sets of °"Tc-glucoheptonate myocardial 
images made in the left anterior oblique (LAO) and an- 
terior projections 5 heurs after myocardial revasculari- 
zation are shown. The upper panel (A and B) shows a 
large area of increased radionuclide uptake in a patient 
hemodynamically stale despite this scintigraphic ab- 
normality. An ECG made at the same time was not 
diagnostic of myocardial infarction, and only 12 hours 
later did transmural changes become evident. The mid- 
dle panel (C and D) illustrates another positive scinti- 
gram in which the area of uptake is somewhat smaller 
but still quite apparent. The lower panei (E and F) 
shows a negative scan im a patient with nonspecific 

S-T segment and T wave ECG changes but normal 
MB-CPK serum levels. (X = kidney; M = external : 
marker; I = infarct; L = liver.) : 
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J 
Correlation between *°™Tc-Glucoheptonate Scans 
and Other Evidence of Perioperative 
Myocardial Damage 


Positive Negative 

Scan? Scan 
Factor » (N = 7) (N = 20) 
MB-CPK > 40 mIU/ml 7 1 
MB-CPK < 40 mIU/ml® Q 19 
Positive ECGS 4 0 
Negative ECG 3 20 


“New localized increased uptake seen after operation. 
"Marked elevation is > 40 mIU/ml and slight elevation is 
6—40 mIU/ml postoperatively. 

“Evolving transmural electrocardiographic changes. 


MB-CPK, mI.U./ml 


Thoracotomy Valve SVBG SVBG 
nelo replacement (-)Scan (+) Scan 
n=5 n=20 n=7 


Fig 3. Elevations in serum MB-CPK 6 hours after vari- 
ous thoracic surgical procedures are shown. The 27 pa- 
tients with saphenous vein bypass graft (SVBG) are 
subdivided into those with positive (+) *"Tc- 
glucoheptonete scans and those with negative (—) 
scans, The 7 patients who had a positive scintigram had 
markedly elevated serum MB-CPK. Values are ex- 
pressed as mean + standard error about the mean. 


CPK levels of 25 + 6 mIU/ml postoperatively, 
which were, identical to those of patients un- 
dergoing saphenous vein bypass graft opera- 
tions with negative scans but higher than a sec- 
ond control group of patients who underwent 
thoracotomy without direct cardiac manipula- 
tion. This latter group had a mild elevation of 
MB-CPK to 13 + 3 mIU/ml. 





Comment 

The diagnosis of myocardial infarction during 
and immediately after coronary artery opera- 
tions remains difficult to determine by conven- 
tional techniques since there frequently are 
nonspecific changes in the ECG and routine 
serum enzymes are usually elevated. Post- 
Operative myocardial imaging after adminis- 
tration of *™Tc-glucoheptonate has been reli- 
able in detecting recent myocardial necrosis in 
the dog [2, 13]. That this relationship is also 
true in man following myocardial revasculari- 
zation is suggested by the results of this inves- 
tigation. 

The characteristic of °™Tc-glucoheptonate 
that enables myocardial scintigrams to be of 
diagnostic quality as early as 5 hours after coro- 
nary artery operations has potential clinical ap- 
plicaticn. Several experimental reports [12, 15] 
suggest that myocardial infarct size may be re- 


duced by appropriate interventions, including _ 


intraaortic balloon counterpulsation [21], when 
initiated early in the course of myocardial in- 
farction. Early diagnosis of perioperative myo- 
cardial infarction at a time when ECGs are 
nondiagnostic and serum MB-CPK levels are 
unavailable, offers the possibility that notable 
amounts of heart muscle otherwise destined to 
die might be salvaged by appropriate therapy 
aimed at reducing infarct size. 

Our experience with *™Tc-glucoheptonate 
scintigraphy has shown that a positive scan 
usually remains positive for less than 36 hours 
and often begins fading much earlier. There- 
fore, some instances of recurrent postoperative 
myocardial necrosis should be demonstrable by 
this imaging technique, perhaps as soon as 24 
hours after the original infarct. In fact, we have 
observed this recurrent process in 1 patient. 
We firmly believe, however, that the detection 
of new perioperative myocardial injury by 
radioisotope scintigraphy is most reliable when 
a baseline preoperative image is obtained and 
that the postoperative image shows a new 
localized uptake in comparison to the preoper- 
ative study. 

Increase in serum MB-CPK after cardiac oper- 
ations is frequent [20] and does not necessarily 


correlate with ECG criteria for infarction [8]° 
$ 


f 


ww 
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Such isoenzyme elevations may be related to 
intraoperative defibrillation, direct cardiac 
trauma, topical myocardial hypothermia, or 
myocardial injury from products of the ex- 
tracorporeal circulation during cardiopulmo- 
nary bypass. This study shows that the higher 
level of elevation of serum MB-CPK (> 40 
mIU/ml) in the first 6 hours after cardiac oper- 
ation correlated well with positive *™"Tc- 
glucoheptonate myocardial images. This early 
enzyme elevation may go unnoticed if it is not 
looked for in the first several hours after opera- 
tion and if subsequent serum isoenzyme levels 
are found to be nondiagnostic in terms of the 
development of new myocardial injury. In the 
current series, 24 patients (88%) demonstrated 
an absolute elevation of serum MB-CPK (> 5 
mIU/ml in our laboratory) after coronary artery 
operation, but relatively higher values 6 hours 
after the procedure were valuable as an indi- 
cator of notable perioperative myocardial dam- 
age. We defined marked elevation of serum 
MB-CPK (> 40 mIU/ml) on the basis of maximal 
elevations in patients after coronary artery op- 
eration who had no ECG or clinical evidence of 
perioperative myocardial infarction. Further 
studies are necessary to delineate the quantita- 
tive relationships between levels of MB-CPK 
and myocardial infarct size in the perioperative 
period. 

The incidence of perioperative mvocardial 
infarction detected by immediate **"Tc-gluco- 
heptonate imaging and serum MB-CPK anal- 
ysis is higher than might be expected from 
earlier studies using serial ECG and standard 
enzyme evaluations. However, studies using 
%9™Tc-pyrophosphate [17, 18], a more commonly 
used myocardial imaging agent, have shown an 
almost identical incidence of perioperative 
myocardial infarction. However, with this 
radiopharmaceutical agent, imaging was de- 
layed until two to five days after operation 
when the maximal potential for the reduction of 
perioperative myocardial damage has passed. 
This delay is necessary for satisfactory myocar- 


„dial scintigraphy using *™Tc-pyrophosphate 


[11]. Histological verification of a positive post- 
operative *™Tc-glucoheptonate image was not 


-*possible in this clinical series, but evidence for 


t 


6 
a close correlation between the presence and 
extent of myocardial necrosis and the positivity 
of *™Tc-glucoheptonate scintigraphy has been 


. reported earlier in a postoperative patient from 


our institution [23]. ECG changes indicative of 
transmural damage are still useful in the diag- 
nosis of myocardial infarction, but our data are 
similar to those of other investigators [3] sug- 
gesting that some patients with so-called 
nonspecific ECG S-T segment and T wave 
changes may also have developed perioperative 
myocardial infarcts. Finally, further investiga- 
tions with %™Tc-glucoheptonate myocardial 
imaging may prove helpful in differentiating 
myocardial infarcts from other postoperative 
diagnostic problems, such as new left bundle- 
branch block, pulmonary embolus, or postperi- 
cardiotomy syndrome. 
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SEE FOLLOWING PAGE FOR MORE DETAILS ON THE 
MIREL PACEMAKER FROM MEDTRONIC. 


*This demonstration unit does not contain battery or electronics, but 
4 approximates the Mirel pacemaker's physical characteristics—such as 
connector, size, shape and weight. Packaged in a handsome jewelry 
case, it is ideal for showing to patients, demonstrating at seminars, etc. 


SHOWN ACTUAL SIZE à 





THE NEW 
MIREL PACEMAKER 
FROM MEDTRONIC: 


Our new lithium-powered Mirel pacemaker is so compact—yet it contains all the performance features 
you've come to expect from Medtronic lithium pacemakers, including Constant Rate, Constant 
Energy, superior electromagnetic interference protection and more. And although the Mirel pace- 
maker is a step down in size, it's a step up in quality. This unique combination of smaller size plus a 
design that provides improved reliability and quality is possible due to Medtronic’s exclusive advances 


in microcircuitry. 


Simplified Assembly for High Reliability. 


The Mirel pacemaker has only 21 separate 
components as compared to 40 in its lithium 
predecessor. Benefit: less chance of component 
failure, fewer connections subject to failure. 
Mirel pacemaker components are fused by re- 
sistance welding rather than soldering. Benefit: 
reduced possibility of contamination. 

The Mirel pacemaker uses hermetically sealed 
mini-paks inside hermetically sealed hybrids. 
Benefit: circuitry is enclosed in a redundant pro- 
tected environment—an additional safety fea- 
ture for your patients. And, these “mini-paks” 
are easily and repeatedly tested before they are 


connected to the hybrid substrate. Tests include 
centrifuge, temperature and burn-in cycles, her- 
meticity, shock and, of course, visual microscopic 
inspection. 
Pacing for Life™ Warranty 
Another advantage, all Mirel-VL (ventricular- 
long-lived) pacemakers are covered by the 
Medtronic Pacing for Life™ warranty. If, during 
the life of your patient, the Mirel-VL pacemaker 
fails for any reason, Medtronic will provide a 
replacement product at no charge and give the 
Same warranty on the replacement product. 
There's much more to the Mirel story. Ask your 
Medtronic representative for details. 


MEDTRONIC” IMPLANTABLE PULSE GENERATORS 
Intended Uses—Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhythmias, tachyarrhythmias anc heart block (see product labeling for detailed list of 


intended uses). 


Contraindications— There are no known contraindications to the use of 
and medical condition, however, may dictate the particular pacing syst 


pacing as a therapeutic modality for the control of heart rate. The patient's age 
ems and implantation procedure used by the physician. 


Warnings—Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical 
units should never be used in the vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger 
of introducing fibrillatory currents into the heart via the implanted pulse generator/lead. Pulse generators may be damaged by defibrillatory discharges 


if the paddles are placed over the implanted pulse generator. 


Precautions—The physician should be aware that all pulse generators will ultimately cease to function and may fail at any time due to random 
component or battery failures which cannot be predicted prior to failure. Also, that the pacing system may cease to function at any time due to lead- 
related problems such as displacement, fracture, fibrotic tissue formation, and elevated thresholds, and that proper operation may be affected by 
electrical interference from equipment using electrical energy, or medical complications. 


Side Effects— Body rejection phenomena, including local tissue reaction, m 
through skin, transvenous lead-related thrombosis, embolism and cardiac ta 





MIREL 


uscle and nerve stimulation, infection, erosion of pulse generator/lead 
mponade. 





SHOWN ACTUAL SIZE 
(Typical Physical Specifications) 
4 Weight—60 grams • Diameter—53 mm 
Thickness (center)—15 mm e Thickness (edge)—11 mm 
Available in unipolar and bipolar configuration. 


Mirel™-VL has 2.2 amp hour lithium-iodine power source. ö 
Mirel ™VM has 1.8 amp hour lithium-iodine power source. 


-£S Meatronic 


..{ Amikacin] also has the remarkable “Amikacin sulfate...should be 
property...of being inactivated by only the empiric agent of choice for patients 
one aminoglycoside-inactivating enzyme.” ; with serious sepsis. 


Yow MD, An Overview of Pediatric Experience with Hewitt WL, Gram-Negative Sepsis Symposium, Boston, 
Amikacin. Am J Med (special issue): 167-171, June 1977. Massachusetts, January 24, 1976. 


“All isolates were inhibited by amikacin and 


The standard dose of amikacin usually 95% were killed by concentrations achievable 
produces a peak serum concentration which in serum with recommended doses.” 


> . = 33 
IS five times the MIC of most pathogens. Leonard JM. McGee ZA, Alford RH: Gentamicin-resistant bacillary infection. 


Trenholme GM, McKellar PP, Rivera N, et al: Amikacin in the treatment of Arch Intern Med 138:201-205, Feb. 1977. 
gram-negative pneumonia. Am J Med 62:949-953, June 1977. 


“All serum levels obtained within three hours 
‘When these 17 patients, who had previously following a dose of amikacin exceeded the 
failed to respond to gentamicin therapy, were MIC’s of the infecting organisms...” 
treated with TERE the response was Pollock AA. et al: Amikacin therapy for serious gram-negative inaction, JAMA 
favorable in 16.” SOE 068, Feb. 197. 


Tally FP, Gorbach SL: Review of 152 patients with bacteremias treated with 


airian: Ar A EEE “High serum levels of amikacin were obtained 
with no evidence of renal or ototoxicity.” 


Eller JJ. et al: Amikacin treatment of pseudomonas pneumonia in cystic fibrosis 


“In general, against many gram-negative patients with advanced pulmonary involvement. Am J Med (special issue): 
bacterial species, amikacin is the most —e 
effective antibiotic currently available for 
use...” “ amikacin is effective therapy for severe 
Marget W. Reindke B, Versmold H: use of amikacin in a hospital for children: gram-negative infections and is no more 


ie clinical studies. J Infect Dis 134 (suppl): S412-S419, ototoxic or nephrotoxic than genta mici n ki 


Smith CR, Baughman KL, Edwards CG, et al: Controlled comparison of amikacin 
and gentamicin. N Engl J Med 296:349-353, Feb. 1977. 


“in combination with high doses of carbeni- 
cillin or ticarcillin in patients 
with renal failure, there 
is less chance of interac- 
tion...when it is amikacin.” 


“ amikacin provides the physician 

with a better chance of 
obtaining therapeutic blood levels 
Holt HA, Broughall JM, McCarthy M, et al: above and beyond the MIC 
Interactions belween aninagivensise 3 of the organism 


antibiotics and carbenicillin or ticarcillin. j j 4 
Infection 4 (2):107-109, 1976. in question . 
Klainer AS. Five questions: A comparative 
; analysis of the newest aminoglycoside. 
s = . j 
Despite extensive use ON OESS 


over a three year 


period...we have not = “..only one enzyme found 
encountered additional in gram-negative bacteria 
instances of affected amikacin potency, 
Enterobacteriaceae whereas six enzymes 


affected gentamicin and 


resistance to amikacin = = EI tected ger 
th J5 sisomicin; five, kanamy- 
a cin and tobramycin and 
Doughty SC, Martin RR, Greenberg SB: y - mi 
Treatment of hospital-acquired fou r, netilmicin - 
infections with amikacin. 
Price K. et al: Amikacin activity, Am J Med 


Am J Med (special issue): 53-57, 


June 1977. f | f j (special issue) 14-24 June 1977. 








Take a look af 


In-vitro superiority "EZ nape 
against today's ` v 
gram-negative 

10spital pathogens’ 


Against 409 bacterial isolates, Amikin* 
(amikacin sulfate) activity was compared 
to leading injectable antibiotics. None of 

hese agents inhibited as high a percentage 40 
of strains as did Amikin. 


Susceptibility determined by the agar dilution test 


AMIKACIN 
GENTAMICIN 
TOBRAMYCIN 
CARBENICILLIN 
CEPHALOTHIN 
AMPICILLIN 


method, data on file, Bristol Laboratories. *Caution. in 10 
vitro data cannot be directly correlated to clinica! 
effectiveness. 0 





COMPARATIVE AMINOGLYCOSIDE 
INACTIVATION IN SERUM* 





Least inactivated 
in combination 


When carbenicillin or ticarcillin is 

combined in vitro with ordinary 
aminoglycosides, a significant reduction in 
aminoglycoside activity may occur. 

Virtually unaffected in the presence of 
ticarcillin, Amikin is also minimally 
compromised by carbenicillin...while other 
aminoglycosides may lose up to 50% of their 
activity. 


% ACTIVITY 


Adapted from Holt HA, Broughall JM, McCarthy M, et 





al: Interactions between aminoglycoside antibiotics 0 6 12 18 24 
and carbenicillin or ticarcillin, Infection INCUBATION (HOURS) 
r ; Es 4(2):107-1 09, i Amikacin Gentamicin Tobramycin 
Caution, in vitro data cannot be directly Ticarcillin SER 


correlated to clinical effectiveness. Carbenicilng@@e@ ©0000 e2e880 
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: i Broad 
roaader 
z AMIKACIN TOXIC LEVEL E a 2s 4 
3 © 
2 therapeutic index 
O a Amikin’s Toxic-to-Therapeutic Index 
c e . 
3 3 (ratio of toxic serum level to Mean MIC) 
x E : ‘ = 
= Amikacin 500 mg IM S is three times romer than the next leading 
s (7.5 mg/Kg)* 8 aminoglycoside! 
(in volunteers) Se , 
Because individual patient serum levels may 
20 20 vary from statistical averages, Amikin’s broade 
margins reduce the risk of subtherapeutic 
or toxic dosage. 
GENTAMICIN TOXIC LEVEL 
10 10 
Gentamicin 1 mg/Kg IMT 
AMIKACIN 
MEAN MIC GENTAMICIN 
MEAN MIC* 
* Data on file, Bristol Laboratories 
0 0 +Concentration curves adapted from: Winter RE. 
hous 1 2 3 4 5 6 7 8 hows 1-23 4 5 © 7 8 Litwack KD. Hewitt WL: J infect Dis 124 (suppl): 
AMIKACIN GENTAMICIN 590-595, December 1971 


COMPARISON OF OTO- AND NEPHROTOXICITY 
IN ONE STUDY AS DETECTED BY AUDIOMETRIC 
& RENAL FUNCTION MONITORING 


Well tolerated 


As with other aminoglycosides, 
adverse auditory and renal reac- 
tions may occur at higher doses, 
reversible in some instances. But, 
in a study comparing the oto- and 
nephrotoxicity of amikacin and 
gentamicin among 53 monitored 
patients, Amikin demonstrated a 
significantly reduced side effects 
risk. (Other published studies 
have shown little or no differences 
in toxicity). 

Special Note: In Amikin clinical trials, hearing 
loss was rarely clinical and usually an audiogram 
23.1% a E a due © Amin Uaially onasinies 


of elevations of serum creatinine and/or BUN, 
which were usually reversible. 


Adapted from Lerner SA, Seligsohn R, and 





AMIKIN GENTAMICIN Matz GJ. Comparative clinical studies of 
TREATED TREATED ototoxicity and nephrotoxicity of amikacin 
PATIENTS PATIENTS and gentamicin. Am J Med (special issue): 

(27) (26) 113-117, June 1977. 








Probably today’s most 
important hospital antibiotic. 


Please see brief summary of prescribing information following. 
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Probably today’s most important hospital antibiotic. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN® (amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: 

Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestib- 
ular, Can occur in patients treated at 
higher doses or for periods longer than 
those recommended. The risk of amikacin- 
induced ototoxicity is greater in patients 
with renal damage. High frequency deaf- 
ness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in 
infants is not known. Until more safety 
reports become available, amikacin 
should be used in infants only in those 
specific circumstances when suscepti- 
bility testing indicates that other amino- 
glycosides cannot be used or are 
otherwise contraindicated, and when the 
infant can be observed closely for 
evidence of toxicity. 

Aminoglycosides are potentially nephro- 
toxic. Renal and eighth-nerve function 
should be closely monitored in patients 
with known or suspected renal impairment 
and also in those whose renal function is 
initially normal but who develop signs of 
renal dysfunction during therapy. 
Evidence of impairment in renal, vestib- 
ular or auditory function requires discon- 
tinuation of the drug or dosage adjustment. 

Serum concentrations should be 
monitored when feasible, and prolonged 
concentrations above 35 mcg./ml. should 
be avoided. Urine should be examined 
for increased excretion of protein, cells 
and casts. 

Concurrent and/or sequential use of 
topically or systemically neurotoxic or 
nephrotoxic antibiotics should be avoided. 

Amikin should not be given concur- 
rently with potent diuretics. 

Usage in Pregnancy: Amikin should be 
used in pregnant women only when 
clearly needed. 


Indications: 
Serious infections due to susceptible strains 
of Gram-negative bacteria including pseu- 
domonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 
acinetobacter sp. Culture and sensitivity 
studies should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia 





(including neonatal sepsis); in serious irfec- 
tions of the respiratory tract, bones and joints, 
central nervous system (including meningitis) 
and skin and soft-tissue; intra-abdominal 
infections (including peritonitis); and in 

burns and post-operative infections (inclua- 
ing post-vascular surgery). Clinical studies 
have shown Amikin (amikacin sulfate) also to 
be effective in serious complicated and re- 
current urinary tract infections due to these 
organisms. Aminoglycosides, including 
Amikin injectable, are not indicated in un- 
complicated initial episodes of urinary tract 
infections unless the causative organisms 
are not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed 
to identify causative organisms and their 
susceptibilities to amikacin. Amikin may be 
considered as initial therapy in suspected 
Gram-negative infections and therapy may 
be instituted before obtaining the results of 
susceptibility testing. Clinical trials demon- 
strated that Amikin was effective in infections 
caused by gentamicin and/or tobramycin 
resistant strains of Gram-negative organisms, 
particularly Proteus rettgeri, Providencia 
stuartii, Serratia marcescens and Pseudo- 
monas aeruginosa. The decision to continue 
therapy with the drug should be based on 
results of the susceptibility tests, the sever ty 
of the infection, the response of the patient 
and the important additional considerations 
contained in the “Warning” box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be 
considered as initial therapy under certain 
conditions in the treatment of known or 
suspected staphylococcal disease such as, 
severe infections where the causative organ- 
ism may be either a Gram-negative bacter um 
or a staphylococcus, infections due to 
susceptible strains of staphylococci in 
patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative 
infections. 

Amikacin may be indicated in the treatment 
of neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot 
be used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated be- 
cause of the possibility of infections due to 
Gram-positive organisms such as strepto- 
cocci or pneumococci. 


Contraindications: 
A history of hypersensitivity to amikacin. 


Warnings: 
See “Warning” box above. 


Precautions: . 
Amikin is potentially nephrotoxic, ototoxic, 
and neurotoxic. The concurrent or serial use 


of other ototoxic or nephrotoxic agents should 
be avoided either systemically or topically 
because of the potential for additive effects. 
Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin, 
neomycin, streptomycin, cephaloridine, 
paromomycin, viomycin, polymycin B, colistin 
and vancomycin as well as certain diuretic 
agents such as ethacrynic acid or furosemide. 


Adverse Reactions: 
Ototoxicity—See “Warning” box. 
Nephrotoxicity—Albuminuria, presence of 
red and white cells, casts, azotemia and 
oliguria have been reported. 
Other—Skin rash, drug fever, headache. 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Administration: 

The usual I.M. or I.V. dose with normal renal 
function is 15 mg./Kg./day divided into 2 or 
3 equal doses administered at equally- 
divided intervals. For the heavier individual 
(greater than 100 Kg.), the total daily dose 
should not exceed 1.5 Gms. per day. 

When amikacin is indicated in newborns 
(see box Warning’), it is recommended that 
a loading dose of 10 mg./Kg. be admin- 
istered initially to be followed with 7.5 mg./ 
Kg. every 12 hours. 

The usual duration of treatment is 7 to 10 
days. The total daily dose by all routes of 
administration should not exceed 15 mg./ 
Kg./day for the average-weight person. In the 
unusual circumstances where treatment be- 
yond 10 days is considered, the use of Amikin 
should be reevaluated and, if continued. 
renal and auditory functions should be 
monitored daily. 

For patients with impaired renal function, œ 
whenever possible, serum amikacin concen- 
trations should be monitored by appropriate 
assay procedures. Doses may be adjusted in 
patients with impaired renal function either 
by administering normal doses at prolonged 
intervals or by administering reduced doses 
at a fixed interval. 

The solution for intravenous use is pre- 
pared by adding the contents of a 500 mg. 
vial to 200 ml. of sterile diluent such as 
Normal Saline or 5% Dextrose in Water or 
any other compatible solution. 

The solution is administered over a 30- to 
60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use 
sterile aqueous solution: 100-mg., 500-mg., 
and 1.0-Gm. vials. 
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Ultrastructural Integrity of Human 
Ventricular Myocardium Following Cardioplegic Arrest 


Vernon W. Fischer, Ph.D., and Hendrick B. Barner, M.D. 


ABSTRACT The appearance of the ventricular 
myocardium in 6 patients electing coronary bypass 
operation was evaluated by electron microscope be- 
fore and after aortic cross-clamping. Bypass protocol 
included the induction of hypothermic cardioplegia 
by intermittent aortic root perfusion, with potassium 
chloride added to cold blood serving as the cardio- 
plegic agent. Cross-clamp intervals ranged from 66 to 
125 minutes. 

Ultrastructural alterations following bypass manip- 
ulations, and distinct from those observed before 
cross-clamping, were limited to the presence of ex- 
pooling 
Scrutiny of the intramyocardial capillary bed fol- 


tensive myocardiocytic of glycogen. 
lowing perfusion with the cardioplegic solution re- 
vealed no abnormalities attributable to, or inten- 
sified by, the bypass maneuver. These findings in- 
dicate that hypothermic potassium cardioplegia, as 
specified, is not injurious to human myocardial ul- 


trastructure. 


A variety of methods are currently available to 
minimize the risks associated with ischemic 
cardiac arrest during coronary bypass proce- 
dures. The effectiveness of these procedures, 
particularly potassium cardioplegia and 
hypothermia, individually or in combination, 
still appears to be a matter of considerable con- 
troversy [1, 4, 6]. In view of this fact and as one 
segment of a presently ongoing correlative 
study of ventricular function and structure, we 
have examined a number of cardiac biopsy 
specimens obtained during elective bypass op- 
eration for the correction of coronary artery dis- 
ease. Specifically, the ultrastructural appear- 
ance of the myocardium and its microcircula- 
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tory component before and following aortic 
cross-clamping under the conditions of 
hypothermia and cardioplegia is the subject of 
this report. 


Materials and Methods 

Six patients electing bypass operation for the 
correction of coronary arterial occlusive disease 
were selected randomly for inclusion in this 
study. Appropriate informed consent was a 
part of the preoperative routine. The patients 
ranged from 38 to 73 years old (Table). Aortic 
cross-clamp time ranged from 66 to 125 min- 
utes. One patient required pharmacological 
support of the circulation following operation; 
none needed mechanical support. After opera- 
tion, the patients experienced no notable com- 
plications except third-degree heart block. It oc- 
curred in the patient requiring pharmacological 
support and persisted for three weeks before 
resolving. Isoenzymes of creatine kinase (post- 
operative days 1 and 2) and lactic dehydroge- 
nase (postoperative days 1, 2, and 5) and 12- 
lead electrocardiograms (postoperative days 1, 
2, and 5) did not reveal evidence of periopera- 
tive infarction in any patient. 


Induction of Cardioplegia 

Moderate hemodilution cardiopulmonary 
bypass was initiated, and the patient was 
cooled rapidly (2 to 4 minutes) to 25° to a 
With the onset of ventricular fibrillation, the 
aorta was cross-clamped and the aortic root was 
perfused by hand, using blood from the arterial 
line passed through a cooling coil to reach a 
final temperature of 10°C. Potassium chloride, 
30 mEq per liter added to the blood, achieved a 
final concentration of 37 mEq per liter. Initially, 
400 ml of blood was used. Cessation of ven- 
tricular activity was noticeable grossly and by 
electrocardiogram after infusion of 50 to 100 ml. 
Crushed ice made from lactated Ringer’s solu- 
tion was placed on the heart. At intervals of 20 
to 30 minutes, aortic root perfusion was re- 


50 The Annals of Thoracic Surgery Vol 27 No 1 January 1979 


Data Relating to the Operative Procedure in 6 Patients 


Aortic Electrical 
Cross-clamp Cardioplegia? Defibril- Postbypass 
Procedure Age, Sex (min) (ml/bolus) lation Support 
2-SVG 38, M 66 400, 300, 300 + None 
3-SVG 66, M 79 400, 300, 309 + None 
4-SVG 58, M 98 400, 300, 300 — None 
4-SVG 56, M 101 400, 200, 300, 300 — None 
SVG, MVR 73, F 109 400, 300, 300 ee Isuprel,’ calcium 
5-SVG 56, M 125 300, 200, 200, 200, 200 _ None 





®Blood at 10°C with potassium chloride (30 mEq per liter) added. 


’Preparation of isoproterenol. 


MVR = mitral valve replacement; SVG = saphenous vein graft. 


peated with 200 or 300 ml of blood at 10°C con- 
taining potassium chloride, and crushed ice 
was reapplied. This technique has been used 
routinely since May, 1977, in all patients in 
whom more than 30 minutes of aortic cross- 
clamp time is anticipated. 


Preparation of Cardiac Tissue for Electron 
Microscopy 

A transmural biopsy specimen from the an- 
terior apical segment of the left ventricle was 
obtained with a 16-gauge disposable biopsy 
needle (Travenol) before the onset of car- 
diopulmonary bypass. A second specimen from 
an adjacent site was removed 15 to 20 minutes 
after discontinuation of bypass. 


The tissue plugs, generally measuring 1 x 8 


mm, were placed at once in ice-cold osmium 
tetroxide in Millonig’s buffer at pH 7.2. Tissue 
cubes, 1 mm in extent, were obtained by dicing 
the specimen after a brief, initial period in the 
cold fluid; fixation was then continued at room 
temperature for 1 to 2 hours. This procedure 
was carried out to minimize artifactual con- 
traction of the cardiac muscle. The tissue blocks 
were processed routinely by washing in Mil- 
lonig’s buffer, followed by dehydration in 
ethanol and embedment in Epon-Araldite. For 
orientation, semithin sections, 1.5 wm thick, 
were stained with methylene blue and exam- 
ined with the light microscope. Ultrathin sec- 
tions, stained with uranyl acetate and lead cit- 
rate, were viewed in a Philips 300 electron mi- 
croscope. A total of 76 blocks were examined 
microscopically. 


* 


Results 
Microscopic examination of the 6 biopsy 


_ specimens obtained before initiation of the 


bypass procedure revealed a number of myo- 
cardial abnormalities, including hypertrophy, 
degeneration, and fibrosis. This report, how- 
ever, is concerned not with a delineation of 
ultrastructural findings in the hearts of patients 
with coronary arterial disease, but with the ef- 
fect, if any, of prolonged cardioplegia, under 
our conditions, on the fine structure of the 
myocardium in these patients. 

Particular attention was paid to the degree 
of cellular preservation achievable with our 
fixation techniques by careful scrutiny of all 
prebypass biopsy specimens. Uniformly, the re- 
sults were satisfactory, and the profile of myo- 
cardial fine structure, uninvolved in patholog- 
ical processes, resembled that described by 
others [2]. As illustrated in Figure 1A, the nu- 
cleus of the myocardiocyte contained finely 
dispersed chromatin, characteristic of osmium 
fixation, with prominently displayed nucleoli. 


Fig 1. (A) Ventricular biopsy specimen before bypass 
procedure. Longitudinally sectioned myocardiocyte with 
regular complement of organelles. (N = nucleus; M = 
mitochondria; L = lipofuscin; C = contractile fiber.) 
(Original magnification X7,600.) Inset: Close-up of a 
nuclear-sarcoplasmic sector. Note that structural integ- 
rity of cellular components is preserved. (Original mag- 
nification X15,200.) (B) Ventricular biopsy specimen 
following bypass procedure. There is extensive pooling 
of glycogen (G) at the nuclear pole region. Other cellu, 
lar structures show the same appearance as in Figure . 
1A. (Original magnification <7,600.) y 
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Fig 2. (A) Ventricular biopsy specimen before bypass. 
There is normal intrasarcoplasmic deposition of glyco- 
gen (G) between mitochondria (M). (Original magnifi- 
cation X7,400.) (B) Ventricular biopsy specimen fol- 
lowing bypass. Note the marked pooling of glycogen 
within the sarcoplasm compared with Figure 2A. 
(Original magnification X7,200.) 


The nuclear membranes and perinuclear space 
were clearly demarcated, interrupted at inter- 
vals by the nuclear pores. A normal comple- 
ment of cytoplasmic organelles as well as 
lipofuscin granules was present. The inner mi- 
tochondrial compartment appeared well pre- 
served, with intact membranes forming closely 
spaced cristae. Dispersed abundantly through- 
out the interfibrillar sarcoplasm were deposits 
of monoparticulate glycogen. 

Scrutiny of the biopsy specimens removed 
following total cardiopulmonary bypass, re- 
gardless of the interval required, yielded sur- 
prisingly sparse findings not demonstrable in 
prebypass specimens; indeed, the one, clearly 
recognizable alteration present after exposure 
of myocardial tissue to ischemic arrest only 


consisted of considerable pooling of glycogen. 
In contrast with the amount of intracellular 
glycogen present in the prebypass myocardium 
(Fig 2A), such extensive accumulations were 
noticeable not only in the perinuclear region 
(Fig 1B) but also throughout the sarcoplasm of a 
number of cardiac muscle cells (Fig 2B). 

Particular emphasis was also placed on the 
appearance of the microvasculature following 
perfusion with the cardioplegic agent. Again, 
changes not present before perfusion were not 
discernible (Fig 3). In three patients, vascular 
abnormalities including endothelial swelling, 
medial necrosis, and platelet adhesion at sites 
of intimal erosion, were observed, but in each 
instance cardioplegia did not appear to exacer- 
bate such changes. 


Comment 


Our study revealed that, ultrastructurally, the 
myocardial tissue of all 6 patients displayed a 
remarkable resistance to the stress associated 
with interruption of coronary blood flow. The 
single demonstrable structural abnormality that 
we were able to attribute solely to cardiopul- 
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Fig 3. (A) Ventricular biopsy specimen of a myocardial 
capillary before bypass. Normally appearing endothelial 
cells. (Original magnification x15,000.) (B) Ventricular 
biopsy specimen following bypass, for comparison with 
Figure 3A. Note the extensive pinocytotic activity 
within the capillary endothelium. (Original magnifica- 
tion X17,000.) (N = nucleus; L = lysosome; B = 
basement membrane; P = pericytic cytoplasm.) 


monary bypass manipulations consisted of ex- 
tensive pooling of glycogen within myocar- 
diocytes. We believe this finding represents a 
relatively mild, reversible lesion since it has 
been shown in the unprotected, ischemic heart 
that progressively more severe, irreversible 
damage is associated not with an accumulation 
but with a reduction and gradual disappearance 
of glycogen deposits [5]. In view of the en- 
hanced presence of glycogen following reperfu- 
sion, it appears that glycogen depletion as a re- 
sult of the bypass procedure was not severe. In 
any case, the status of glycogen has not been 
helpful in assessing human myocardial viabil- 
ity [7], although in the dog, glycogen depletion 
correlated well with the degree of myocardial 
' ischemic injury [3]. 

l Our observations are encouraging compared 





with those previously reported by Schaper and 
associates [7]. They observed that 40 minutes of 
myocardial ischemia produced marked ultra- 
structural alterations; 60 minutes of ischemia 
resulted in such profound changes that it was 
concluded myocardial ischemia should not ex- 
ceed this interval. Such serious structural alter- 
ations are in contrast with the sparse findings 
noted in our group of patients. An explanation 
for this discrepancy may be found in the dif- 
ference of the bypass protocol. Although the 
moderate hypothermia (28° to 30°C) they 
utilized did not differ notably from the degree 
of hypothermia used in our procedure, it must 
be noted that injection of the cardioplegic solu- 
tion containing magnesium and procaine, at 
4°C, was limited to a single bolus. A single- 
dose injection, however, may well be washed 
away by noncoronary collateral blood flow, 
with return of electromechanical activity. In 
addition, our use of blood as the cardioplegic 
vehicle provided substrate (oxygen and glu- 
cose) and buffering capacity to cope with ac- 
cumulating acid metabolites. 

Experimental evaluation of the effect of our 
cardioplegic measures on the canine heart 
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using a cardioplegic solution or cold blood 
containing potassium has not revealed notable 
ultrastructural alterations.* More recently, we 
have found evidence of ultrastructural change 
when a single bolus of cold blood containing 
potassium was followed by 1 hour of ischemia.t 
These latter observations are currently the sub- 
ject of additional investigation. 

The ultrastructural findings presented in this 
study provide convincing evidence that 
hypothermic potassium cardioplegia, as pres- 
ently used, is not injurious to human myocar- 
dial structure. 
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Pericardial Fluid Gas Analysis 


in Hemorrhagic Pericardi 


Tamponade 


Siva Balakrishnan, M.D., Carl W. Hartman, M.D., George L. B. Grinnan, M.D., 
Alan G. Bartel, M.D., Crile Crisler, M.D., and Robert D. Brickman, M.D. 


ABSTRACT Nine patients with hemorrhagic 
pericardial tamponade were studied to determine the 
localizing value of gas analysis of pericardial fluid in 
therapeutic pericardiocentesis. The aspirate and the 
central venous blood were analyzed simultaneously 
for partial pressure of oxygen (PO,.), partial pressure 
of carbon dioxide (Pco,), and hematocrit at the time 
of pericardiocentesis. In all 9 patients the difference 
in hematocrit between the pericardial fluid and the 
central venous blood was not significant. The Pco, 
of pericardial fluid was significantly higher than 
that of central venous blood (p < 0.025). The Po, of 
pericardial fluid was consistently and significantly 
lower than that of central venous blood (p < 0.005). 

We conclude that in patients with hemorrhagic 
pericardial tamponade, the simultaneous measure- 
ment of Po, and Pco, of central venous blood and 
pericardial fluid is a-useful rapid bedside method to 
confirm the site of aspiration during pericardiocen- 
tesis. The Po. determination is statistically the best 
discriminator between the two fluids in this setting. 


In 1819 Romero trephined the sterum to aspi- 
rate pericardial fluid; since then _ pericar- 
diocentesis has become a well-recognized life- 
saving procedure in pericardial tamponade [9]. 
With advances in cardiac procedures, the 
incidence of postoperative pericardial effusion 
and tamponade has increased [3, 6]. In addi- 
tion, with hemodialysis, uremic pericardial ef- 
fusion and recurrent tamponade have been rec- 
ognized more frequently [1, 2]. Therapeutic 
pericardiocentesis has become a very useful 
tool in the management of patients with these 
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conditions. With hemorrhagic pericardial effu- 
sion, however, it is often difficult to ascertain 
whether the aspirate during pericardiocentesis 
is from the pericardial sac or from the cardiac 
chambers. Continuous  electrocardiographic 
monitoring through the aspirating needle 
documenting the occurrence of an injury cur- 
rent, simultaneous comparison of hematocrits, 
the injection of Decholin (dehydrocholic acid) 
through the aspirating needle, and non- 
coagulability of pericardial fluid have been 
utilized to localize the site of aspiration. 

We studied the Po,, Pco,, and hematocrit of 
pericardial fluid and venous blood simultane- 
ously drawn from 9 patients with hemorrhagic 
pericardial effusion with tamponade to deter- 
mine their usefulness in differentiating 
pericardial fluid from venous blood in the clini- 
cal setting. 


Materials and Methods 

The 9 patients reviewed were collected from 
three hospitals affiliated with Eastern Virginia 
Medical School. They ranged in age from 14 to 
68 years. All were suspected clinically of having 
pericardial effusion and tamponade. The diag- 
nosis of pericardial effusion was confirmed by 
echocardiography in all except Patient 7, in 
whom the urgency of the clinical setting forced 
the surgeon to proceed with immediate 
pericardiocentesis. 

Patients suspected of having cardiac tam- 
ponade were transferred to an intensive care 
unit for pericardiocentesis. The electrocardio- 
gram and central venous pressure were moni- 
tored. The head and chest were elevated to 
thirty degrees, and the anterior chest and upper 
abdomen were prepared with Betadine 
(povidone-iodine). Pericardiocentesis was 
performed by standard techniques using the 
subxiphoid approach with continuous electro- 
cardiographic monitoring of the probing nee- 
dle. Once fluid was obtained, the spinal needle 
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Table 1. Clinical Data 


Interval Be- 


tween Surgery 


Prothrombin 


Patient No., and Effusion Anti- Time in (sec) 

Age (yr) Diagnosis Operation (day) coagulants (control, 12 sec) 

1. 20 Aortic valve 14 Yes 31 
replacement 

2. 45 Coronary bypass 10 Yes 46 

3. 60 Uremia B No ae 

4. 68 Aortic valve 10 Yes 60 
replacement 

5. 25 Viral pericarditis No 

6. 14 Idiopathic on No 

7. 45 Aortic valve - 413 Yes 
replacement 

8. 20 Aortic valve 15 Yes 38 
replacement 

9. 25 Aortic valve 16 Yes 16 
replacement 


was withdrawn and a Deseret subclavian 
catheter was then inserted. The 14-gauge, 69.9 
mm needle was advanced in the same direction 
as the 20-gauge spinal needle, and, once fluid 
was obtained, the 16-gauge, 304.8 mm catheter 
was threaded into the pericardial space to per- 
mit evacuation of fluid. A small extension tube 
mounted with a three-way stopcock was then 
attached to the catheter. If the effusion was suf- 
ficiently bloody, a small sample was sent im- 
mediately for blood gas analysis along with a 
sample of venous blood drawn simultaneously 
from the central venous pressure catheter. All 
precautions necessary for arterial blood analysis 
were observed in collection and transport of 
both samples. Both samples were analyzed for 
hematocrit, Pco,, and Po, using a Corning 
model 165 pH blood gas analyzer. Results were 
available at the bedside within 8 to 10 minutes 
for every patient. The results were analyzed 
using the following statistical methods: The 
t-dependent one-tailed test was used for com- 
parison of blood gas values obtained from 
pericardial fluid and central venous blood. The 
7 X 7 cells using Pearson r was used to deter- 
mine the presence or absence of covariance 
between dissimilar values. 


Results 
- Six of the 9 patients (Patients 1, 2, 4, 7, 8, 9) 
underwent an open-heart procedure ten to six- 


t 


teen days before the onset of pericardial tam- 
ponade (Table 1). Patients 3, 5, and 6 had other 
causes of effusion. The 5 patients who were on 
a regimen of warfarin had prothrombin activity 
of 20 to 30% at the time of diagnosis of pericar- 
dial tamponade. The results of the gas analysis 
of venous and pericardial fluid are given in 
Table 2. Statistical analysis indicates that the 
pericardial fluid Po, is significantly lower than 
venous blood Po, (p < 0.005). There appears to 
be no covariance between the venous blood 
Pco, and pericardial fluid Po,. The pericardial 
fluid Pco, is significantly higher than the Pco, 
of venous blood (p < 0.025) but a covariance 
exists. The difference of hematocrits between 
venous blood and pericardial fluid is not sig- 
nificant. 


Comment 
In order for therapeutic pericardiocentesis to be 
carried out safely and effectively in hemor- 
rhagic pericardial tamponade, it is important to 
assure that the aspirating device is in the 
pericardial space. Aspiration from the cardiac 
cavity could be quite detrimental, particularly 
in this circumstance [5]. The urgency of the 
clinical status, however, often requires imme- 
diate therapy, and it is frequently difficult at 
the bedside to be certain of the proper place-' 
ment of the aspirating needle. \ 
In 1956, Bishop and assaciates [4] reported 
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Table 2. Partial Pressure of O and CO, and Hematocrit of Venous Blood and Pericardial Fluid 


Po, (mm Hg) 

Patient Venous Pericardial Venous 
No. Blood Fluid Blood 
1 30 20 41l 

2 46 05 18 

3 36 24 47 

4 28 08 33 

5 55 18 47 

6 42 23 40 

7 22 05 37 

8 26 06 38 

9 31 17 38 


the use of electrocardiographic monitoring in 
pericardiocentesis. The aspirating needle is 
connected to the chest lead of the standard 
electrocardiogram, and the needle is advanced 
into the pericardial sac. The electrocardiogram 
was found to show a current of injurv when the 
aspirating needle made contact with the 
myocardium [4, 7, 8]. Unfortunately, there are 
major limitations to this technique. Frequently, 
the electrical disturbance created while the 
needle is advancing into the thorax causes 
marked damping effect on tracing. The ob- 
server could easily miss the current of injury on 
the monitor. Also, the needle may traverse 
areas of myocardium in which no current of in- 
jury is provoked. Finally, unless nearly perfect 
grounding conditions can be obtained, attach- 
ing a pericardiocentesis needle to an electro- 
cardiogram increases the danger of accidental 
ventricular fibrillation [11]. 

A second method in pericardiocentesis is 
comparison of the hematocrits of the pericardial 
fluid and of the venous blood. It is generally 
accepted that the hematocrit of the pericardial 
fluid is significantly lower than that of venous 
blood in long-term pericardial effusion. How- 
ever, in short-term hemorrhagic pericardial ef- 
fusion, the hematocrit may be similar to whole 
blood [10] and, therefore, is not a reliable tool in 
this circumstance. In our experience, the dis- 

repancy between the hematocrit of the venous 
lood and that of the hemorrhagic pericardial 
fluid was not sufficient to differentiate between 


Pco, (mm Hg) 


Hematocrit 
(percentage of 
whole blood) 


Pericardial Venous Pericardial 
Fluid Blood Fluid 
35 37 32 

87 46 12.5 
56 19.6 12.5 
60 27.1 30.2 
65 31.9 20.2 
45 ee ve 
71 23 17 

69 26 29 

61 24 46 


the two fluids with confidence (Patients 1, 3, 
4, 7, 9). In 2 patients (Patients 8, 9), the 
hematocrit of the pericardial fluid was higher 
than that of venous blood. 

A third method utilizes Decholin, which is 
injected through the aspirating needle. If the 
injection is made into the cardiac cavity, the 
Decholin enters the circulation and is tasted by 
the patient within a few seconds. This, of 
course, does not occur if the injection is made 
into the pericardial sac. Two problems with this 
method are that it relies on the subjective evi- 
dence of taste and is not reliable in ill, elderly 
patients. 

The coagulability of the aspirate has been 
used in the past to differentiate intracavitary 
blood from hemorrhagic pericardial fluid. In 
most circumstances, extracavitary blood will 
not clot. Since the majority of our patients were 
receiving anticoagulants, we did not find this to 
be a useful discriminating tool. 

We studied an alternative method in 9 pa- 
tients with pericardial tamponade. The Po, and 
the Pco, of pericardial fluid and venous blood 
were measured concomitantly. The results were 
available at the bedside within 8 to 10 minutes. 
The Po, of pericardial fluid was consistently 
and significantly lower than that of venous 
blood in each patient. The exact mechanism of 
the lowered Po, in the pericardial fluid is not 
known. It is conceivable that the hemoglobin is 
deoxygenated metabolically by red blood cells 
while it lingers in the pericardial sac. Con- 
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versely, the Pco, of the pericardial fluid was 
significantly higher than that of the venous 
blood, again suggesting metabolic activity 
within the pericardial space. 

In our experience, the Po, determination was 
clearly the best discriminator between the two 
fluids statistically. It should be cautioned that 
gas analysis is useful only if hematocrit in 
pericardial fluid is high enough to cause confu- 
sion over the source of the aspiration. In those 
circumstances when the hematocrit in pericar- 
dial aspirate was less than 10%, gas analysis 
was inconsistent. 

We conclude that simultaneous mea- 
surements of the Po, and Pco, in central venous 
blood and pericardial fluid in patients with 
hemorrhagic pericardial tamponade provide an 
additional and useful bedside method to con- 
firm the site of aspiration in therapeutic 
pericardiocentesis. 
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Diverticula in Association with the Proximal Left 
Subclavian Artery: A Cause of Mediastinal Mass Lesions 


William Stanford, COL, Daniel G. Knauf, LT COL, Robert E. Hudson, MAJ, 


and A. Robert Tucker, MAJ, All USAF, MC 


ABSTRACT The case reports of 5 patients with an 
aortic arch diverticulum associated with the prox- 
imal left subclavian artery are presented. In 3 
patients, the left subclavian artery arose from a di- 
verticulum off a right aortic arch and traversed the 
retroesophageal area to the opposite arm. In 1 patient, 
the left subclavian artery arose from a diverticulum 
off a left aortic arch; this represents the second -in- 
stance of this anomaly to be reported in the litera- 
ture. In 1 patient, the left subclavian artery was not 
attached to the aorta, and a diverticulum was present 
in the expected area of attachment. Confusion of 
these anomalies with solid mediastinal mass lesions 
and with aortic aneurysms may occur. Treatment is 
predicated on symptomatology, and resection is 
usually not indicated. It is necessary to remain cog- 
nizant of aortic diverticula and to differentiate them 
from other mediastinal mass lesions. 


An aortic arch diverticulum giving rise to a left 
subclavian artery can produce a shadow on the 
chest roentgenogram that must be differ- 
entiated from solid mediastinal mass lesion as 
well as from aneurysm of the thoracic aorta. The 
need for awareness of these diverticula in their 
several forms prompts this report. 


Case Reports 

Patient 1 

A 20-year-old sergeant was found to have a 
mediastinal mass on routine chest roentgeno- 
gram. He was normotensive, and with the ex- 
ception of a grade 3/6 systolic murmur over the 
left infraclavicular region, physical examination 
was unremarkable. The chest roentgenogram 
revealed a left descending aorta with a medias- 
tinal mass adjacent to the left aortic knob (Fig 
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1). Because a vascular cause was suspected, an 
aortogram was done. It demonstrated a normal- 
appearing left subclavian artery arising from a4 
cm aortic diverticulum. Just distal to the diver- 
ticulum the aorta was kinked (Fig 2). The pa- 
tient was discharged without treatment. 


Patient 2 

A 57-year-old master sergeant was found to 
have a mediastinal mass on a chest roentgeno- 
gram made to evaluate dysphagia, which had 
been present for three years. Physical examina- 
tion was unremarkable, and blood pressure was 
equal in both arms. The chest roentgenogram 
disclosed a right aortic arch and descending 
aorta with a left-sided mass adjacent to the aor- 
tic knob. A barium swallow showed a posterior 
indentation, and an aortogram demonstrated a 
right aortic arch with the left subclavian artery 
arising from an aortic diverticulum, which was 
the cause of the esophageal indentation. Since 
the symptoms were minimal, the patient was 
discharged without treatment. 


Patient 3 

A 37-year-old woman was admitted with left 
shoulder and arm paresthesias. Systolic blood 
pressure was 10 mm Hg higher in the nght arm 
than in the left. There were no murmurs, and 
physical examination and electromyogram were 
normal. A barium swallow showed a posterior 
indentation. An angiogram of the aortic arch 
showed a right aortic arch that descended on 
the left. The fourth branch of the arch was the 
left subclavian artery arising from a dorsal di- 
verticulum that indented the esophagus. The 
patient was discharged without therapy. 


Patient 4 
A 22-year-old black woman was admitted with 
a three-year history of left arm coolness, short- 


. ness of breath, and hypertension. The blood pres- 


sure of the right arm was 160/90 and that of the 
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Fig 1. (Patient 1.) Posteroanterior roentgenogram dem- 
onstrating a left aortic knob and left descending aorta. 
Adjacent to the aortic knob is a mediastinal mass. 


left arm, 100/60. There was a grade 3/6 systolic 
murmur over the left sternal border and an S, 
gallop. Chest roentgenogram revealed a right 
aortic arch and a left descending aorta. An 
aortogram showed that all the arch vessels except 
the left subclavian artery arose normally. The 
left subclavian artery was found to be discon- 
nected from the aorta and to be filled by collat- 
erals. An aortic diverticulum was present at the 
point of expected origin of the left subclavian 
artery (Fig 3). The patient was discharged with- 
out treatment. 


Patient 5 

A 42-year-old lieutenant colonel was referred 
for evaluation of a mediastinal mass seen on 
routine chest roentgenogram. He was asymp- 
tomatic. The chest roentgenogram revealed a 
left mediastinal mass adjacent to a right aortic 
knob and the aorta descending on the left. A 
barium swallow demonstrated a posterior in- 
dentation on the esophagus. An aortogram 


Fig 2. (Patient 1.) Aortogram demonstrating a 4 cm 
aortic diverticulum giving rise to a normal left subcla- 
vian artery. Just distal to the diverticulum the aorta is 
kinked. 


confirmed the roentgenographic findings. The 
left subclavian artery arose from a large aortic 
diverticulum as the fourth vessel of the aortic 
arch (Fig 4). No treatment was administered. 


Comment 

The findings in these 5 patients demonstrate 
some of the variants of a left subclavian artery 
arising from an aortic diverticulum. Although 
compression of the esophagus by an aberrant 
right subclavian artery arising as the most distal 
vessel off the left aortic arch has been known 
since the description of dysphagia lusoria by 
Bayford [1] in 1794, its Origin from a diver- 
ticulum was not described until the report of 
Kommerell [4] in 1936. The diverticulum bear- 
ing his name was considered to be a remnant of 
the right aortic arch. Since then, several reports 
have noted the origin of the left subclavian ar- 
tery from an aortic diverticulum [3, 5]. Most 
patients with this condition are seen either be- 
cause of dysphagia or for evaluation of a meny 
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Fig 3. (Patient 4.) Aortogram showing the right aortic 
arch and left descending aorta. The left subclavian ar- 
tery was not attached to the aorta and was filled chiefly 
by vertebral collaterals. A diverticulum was present at 

the point of expected origin of the left subclavian artery. 


astinal mass revealed on routine chest roentgen- 
ogram. In all but 1 of the patients feported on 
previously, the diverticulum gave rise to an 
aberrant subclavian artery that traversed be- 
hind the esophagus, either from right to left or 
from left to right. This was true in our Patients 
2,3, and 5. Two variants are of special interest. 
In Patient 4 the left subclavian artery failed to 
join the aorta and was supplied by collaterals. 
In the area of its expected origin was a diver- 
ticulum. The other variant occurred in Patient 1 
and is the second reported case of a left subcla- 
vian artery arising as a diverticulum off a left 
aortic arch. The other instance was reported by 
Daugherty and colleagues [2] in 1964. 

These lesions are important and can be con- 
fused with solid mediastinal mass lesions or true 
aortic aneurysms. There are usually few, if any, 
symptoms, and, if the lesion is suspected, a 
barium swallow to delineate a posterior inden- 
tation of the esophagus is indicated. Fluoros- 
copy to evaluate the presence or absence of pul- 
sation is also helpful, and, if a vascular cause is 





Fig 4. (Patient 5.) Aortogram showing a right aortic 
knob and left descending aorta. The left subclavian ar- 
tery arose from a large aortic diverticulum and consti- 
tuted a fourth vessel of the aortic arch. 


suspected, an angiogram of the aortic arch is 
indicated to delineate the anatomy. In the past, 
several of these diverticula were resected be- 
cause they were thought to be true aneurysms. 
However, a normal histology of the aortic wall 
and a lack of arteriosclerotic change probably 
negate this diagnosis. Treatment is predicated 
on symptoms. None of our patients was con- 
sidered to have sufficient symptoms to warrant 
resection. 

In the embryo the descending aorta arises as 
a persistence of the left fourth aortic arch, and 
the right arch, except for the proximal right 
subclavian artery, regresses. If the right fourth 
arch persists and the left is obliterated, a right 
aortic arch with an upper right or left descend- 
ing aorta is formed. If both arches persist, a 
vascular ring results. Depending on where the 
ring breaks, variants of the origin of the 
brachiocephalic vessels may occur. The diver- 
ticula we noted may be explained by a failure to 
obliterate the proximal opposite arch; this per- 
sistence gives rise to the subclavian artery. 
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Whatever the cause, it is important to remain 
aware of aortic diverticula in the differential 
diagnosis of mediastinal mass lesions. In gen- 
eral, we do not think that operation is indicated 
in the minimally symptomatic patient or that 
the lesion poses a threat to life. However, its 
natural course is not known. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 

In 1979 only, the two parts of the examination 
will be given together. The time and place is 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 

In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 
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clear, concise, a ready source of 
practical information . . . 


Handhook of Critical Care 


Edited by James L. Berk, M.D., Case Western Reserve 
University School of Medicine; James E. Sampliner, 
M.D., Case Western Reserve University School of 
Medicine; J. Sheldon Artz, M.D., Akron City Hospital; 
and Barry Vinocur, B.S., formerly, Research Fellow in 
Surgery, Case Western Reserve University School of 
Medicine 





Foreword by Francis D. Moore, M.D. 


This comprehensive new book outlines in step-by- 
step detail the diagnostic methods and specific ther- 
apy necessary to treat critically ill patients effectively 
and efficiently. 


The authors, all experts in their fields, first offer perti- 
nent clinical information geared to the management 
of problems that occur daily among critically ill 
patients; then they describe the newest concepts 
and most recent advances in the field. Each chapter 
includes selected references for further reading as 
well as a current bibliography. Finally, this handy 
field manual includes helpful appendixes that pre- 
sent often-used abbreviations, definitions, formulas, 
nomograms, doses, and conversion factors. 


With the increasingly important role of critical care 
medicine in today’s health care system, there is a 
greater need than ever for a practical, current 
source book that supplies a wealth of basic informa- 
tion. Handbook of Critical Care belongs in every 
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A new horizon in cephalosporin therapy 
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Some individuals have developed positive direct Coombs tests during treat- 
ment with the cephalosporin antibiotics 

Liver—Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted 

Kidney— Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins. transitory 
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Brief Summary. Consult the package literature for Prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions Caused by Susceptible strains of the designated microorganisms in the 


phlebitis occurs rarel 
diseases listed below: y 


Lower respiratory infections. including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae). Haemophilus influenzae., 
Klebsiella species. Staphylococcus aureus (penicillinase and non- 

beta-hemolytic streptococci. and Proteus 


Urinary tract infections caused by Escherichia coli Proteus species (both 
indole-negative and indole-positive), Enterobacter species. Klebsiella 
species, group D streptococci (Note: Most enterococci. e g . S. faecalis. 
are resistant). and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S aureus (penicillinaseand non-penicillinase- 
Producing), S pneumoniae. S pyogenes (group A beta-hemolytic 
streptococci), H. influenzae. and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 

pyogenes (group A beta-hemolytic 

streptococci). H. influenzae. E coli, Enterobacter species, and P mirabilis 


rganisms have been isolated. Most Strains of Bacteroides fragilis are resistant 
| vitro; however. infections caused by susceptible strains have been treated 
Jccessfully. 

Specimens for bacteriologic cultures Should be obtained in order to isolate 
xd identify causative Organisms and to determine their susceptibilities to 


e known: however. once these results become available. the antibiotic treat- 
ent should be adjusted accordingly 

IN certain cases of confirmed or suspected gram-positive or gram-negative 
PSIS Or in patients with other serious infections in which the Causative orga- 


tics May be given, depending onthe severity of the infection andthe patient's 
Ndition. The renal function of the patient should be carefully monitored. 
9eClally if higher dosages of the antibiotics are to be administered 
Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
Je for at least ten days 


ntraindication: Mando! is contraindicated in patients with known allergy to 
‘cephalosporin group of antibiotics. 


4ER EMERGENCY MEASURES 
| Newborn infants. accumulation of other cephalosporin-class antibiotics 
h resulting prolongation of drug half-life) has been reported 


sautions: Although Mandol rarely produces alteration in kidney function. 
uation of renal status is recommended, especially in seriously ill patients 
'iving Maximum doses. 
‘olonged use of Mandol May result in the overgrowth of nonsusceptible 
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Jrs during therapy, appropriate measures should be taken 
2phrotoxicity has been reported following concomitant administration of 
\oglycoside antibiotics and cephalosporins. 
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2hling’s solution or with Clinitest® tablets but not with Tes-Tape” (Glucose 
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age in Pregnancy — Safety of this Product for use during pregnancy has 
een established 
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ind six months of age: Safety of this product has not been established in 
latures and infants under one month of age Therefore. if Mandol is ad- 
tered to infants. the physician should determine if the potential benefits 
2igh the possible risks Involved 


rse Reactions: Hypersensitivity ~Maculopapular rash. urticaria, eosino- 
. and drug fever have been reported These reactions are more likely to 
“IN patients with a history of allergy. particularly to penicillin 
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Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandole is 500 mg to 1gm every four to eight hours 

In infections of skin Structures and in uncomplicated pneumonia. a dosage 
of 500 mg every six hours is adequate 

In uncomplicated urinary tract infections. a dosage of 500 mg every eight 
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In life-threatening infections or infections due to less Susceptible organisms. 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be needed 

Infants ano Children: Administration of 50 to 100 mg/kg/day in equally 


Note. As with antibiotic therapy in general. administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 


be determined Sy degree of renal impairment. 
Susceptibility of the causative organism 


severity of infection. and 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 


Life -Threatening 
Infections — 
Maximum Dosage 










Creatinine Clearance 
(mi/min/1 73 m?) 


Renal Function Less Severe 


Infections 











Mild Impairment 








Moderate 
Impairment 














Impairment 125gmqB8h qa8gh 


O67gmq8h 







Marked 















10-2 OR 
Impairment 1gmqi2h 
O5qma8h 
<2 None OR 0 Pe 
075gmq12h 9 





When only serum creatinine IS available, the following formula (based on 
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Myocardial Stimulation Impedance: The Effects 
of Electrode, Physiological, and Stimulus Variables 


G. Frank O. Tyers, M.D., Robert R. Brownlee, M.S.E.E., Howard C. Hughes, Jr., V.M.D., 


Carolyn W. Shaffer, M.D., Edward H. Williams, M.D., and Race L. Kao, Ph.D. 


ABSTRACT With exposed metal at the electrode 
tissue interface (8 mm’, 28 mm’, 57 mm’), myocardial 
threshold stimulation impedance increased as pulse 
duration was lengthened, with left ventricular 
intramyocardial stimulation, and with the smaller 
surface area electrode. An 0.5 mm’ differential- 
current-density electrode, which eliminated direct 
metal-to-tissue contact at the electrode-myocardial in- 
terface, was associated with notably higher imped- 
ances than each of the three metal tip electrodes 
and did not show increasing impedance levels with 
changes in pulse duration, confirming the minimi- 
zation of polarization energy losses with this device. 
The majority of electrode, electrode tissue interface, 
and myocardial variables that are characterized by 
high threshold stimulation impedance are associated 
with low threshold energy requirements for pacing 
and reduced pacemaker power source drain. No ac- 
curate information about sensing impedances can be 
derived from current knowledge of pacing imped- 


ance. 


Although myocardial stimulation impedance at 
one time was generally assumed to be approxi- 
mately 500 to 600 ohms [2, 5], a growing body of 
both clinical [2, 6] and experimental data [8, 11] 
has demonstrated that electrode factors and the 
conditions of measurement are major determi- 
nants of the resistance to energy transfer from 
the pacemaker to the heart at the electrode tis- 
sue interface. High stimulation impedances de- 
crease pulse generator energy output [4], and 
this finding has fostered the misconception that 
high electrode—electrode tissue interface im- 
pedances are causally related to excitation 
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block. In this study, we report the effects of 
electrode variables, stimulus variables, and 
acid-base abnormalities on threshold myocar- 
dial stimulation impedance. Older and more re- 
cently introduced electrodes are compared, and 
the beneficial effects of high stimulation im- 
pedance as a function of small electrode surface 
area and intramyocardial stimulation are dis- 
cussed. 


Methods 
Twenty mongrel dogs weighing 15 to 20 kg 
were placed on thermostatically regulated 
warming trays and anesthetized with sodium 
pentobarbital (30 mg per kilogram of body 
weight). An endotracheal tube was inserted 
and connected to a volume-cycled respirator. 
Appropriate respiratory and oxygen flow ad- 
justments and suitable administrations of so- 
dium bicarbonate were made to maintain a 
Po, of 100 + 20 mm Hg, Pco, of 40 + 5mm Hg, 
pH of 7.4 = 0.1, and base excess of less than + 
Z 

Through a right fourth intercostal space inci- 
sion, the pericardium was opened wide. In 
each animal, the following electrodes were im- 
planted in the left ventricular apical myocar- 
dium through small epicardial punctures and 
were secured with single superficial 5-0 Dacron 
sutures: a Medtronic 5818, 57 mm? platinum- 
iridium cylinder electrode; a Biotronik IE 60, 
28 mm? Elgiloy cylinder electrode; a Cordis, 
8 mm? Elgiloy spherical electrode; and a Lewin- 
0.5 mm? extracellular fluid, dif- 
disc electrode. A 


Parsonnet, 
ferential-current-density, 
space of at least a centimeter was left be- 
tween electrodes, and no site ‘in which a 
hematoma developed during electrode or su- 
ture insertion was used. A second 8 mm”? elec- 
trode was similarly attached to the anterior 
right ventricular myocardium near the mid- 
point of the acute margin, and a third was ad- 
vanced into the apex of the right ventricle 
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through a pursestring suture in the superior 
vena cava. Position and endocardial contact of 
the third 8 mm? electrode were confirmed by 
palpation of the myocardial diaphragmatic 
surface. Complete heart block was induced by a 
closed technique involving the paraaortic in- 
jection, with a tuberculin syringe and fine nee- 
dle, of 0.1 to 0.5 ml of formalin into the area of 
the atrioventricular node as localized by the 
commissure at the junction of the right and 
noncoronary cusps. Thirty minutes were al- 
lowed for stabilization during which time the 
heart was paced at 100 beats per minute. Myo- 
cardial cathodal stimulation was used through- 
out the study. The anode was a 10 cm?, thoracic, 
subcutaneous, stainless steel plate. After de- 
termination of physiological pH, blood gas, 
electrolyte, and body temperature, strength du- 
ration curves were derived for each stimulation 
site using a custom-designed, low-impedance, 
balanced-near-constant-current, square wave 
generator. Leading-edge and trailing-edge 
threshold currents and voltages were measured 
using a Tektronix Model 7504 oscilloscope and 
P6042 current probe at eight stimulus durations 
from 0.05 to 5.0 msec. Stimulus variables were 
photographically recorded and measured with a 
system that largely precludes errors in inter- 
pretation by providing digital sensitivity 
readings for voltage, current, and time base or 
the oscilloscopic screen [9]. 

The order of lead stimulation was ran- 
domized and at the conclusion of each trial, all 
leads were reevaluated to confirm stability of 
the experimental model. Threshold was defined 
as the minimum current and voltage required to 
achieve sustained one-to-one coupling of stim- 
ulus and ventricular contraction. 

After control values had been determined, al- 
kalosis was induced by slowly infusing sodium 
bicarbonate (1 mEq per milliliter) intravenously 
until a base excess of +15 + 2 was reached. 
Threshold determinations were then repeated 
in the manner just described. After determina- 
tion of alkalotic thresholds, the acid-base bal- 
ance was returned to normal by reducing the 
respirator rate to allow carbon dioxide to ac- 
cumulate and by slowly infusing 0.1 N hy- 
drochloric acid in saline solution. Once a PH of 
7.4 and a base excess of 0 + 2 had been 
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achieved, the respirator was reset to maintain a 
Pco, of 40 mm Hg. Control threshold values 
were then remeasured to ensure that no perma- 
nent myocardial injury had been produced by 
the period of alkalosis. Acidosis was then in- 
duced by infusing 0.1 N hydrochloric acid in 
saline solution intravenously until a base excess 
of —15 + 2 was achieved. Stimulation threshold 
determinations were again made. 

Leading edge, trailing edge, and “average” 
impedances were calculated using the voltage/ 
current ratio in each animal for each electrode at 
each duration and each stimulation site. The 
average impedance for each stimulus deliv- 
ered was obtained by averaging the leading 
edge and trailing edge voltage/current ratios 
and included the resistive and capacitive ef- 
fects of activation or chemical over-potentials 
and concentration over-potentials (polarization 
voltages) as well as the purely resistive load in 
the lead, at the electrode tissue interface, and in 
the tissue. Mean leading edge, trailing edge, 
and average impedances were calculated us- 
ing the data from all the animals, and, since 
each animal served as its own control, the sig- 
nificance of observed differences was deter- 
mined using the paired ¢ test. 


Results 

Figure 1 illustrates the effects of pulse duration 
and electrode design factors on threshold 
stimulation impedance. With the exception of 
the differential-current-density 0.5 mm? elec- 
trode, each of the electrodes studied showed a 
significant increase (all, p < 0.05) in stimulation 
impedance as pulse duration was lengthened 
from 0.05 to 5 msec, with most of the increase 
occurring in the time frame between 0.05 and 1 
msec. At every pulse duration studied, imped- 
ance with the 0.5 mm? electrode was signifi- 
cantly greater (all, p < 0.05) than with each of 
the three electrodes with larger surface areas. 
Similarly, threshold stimulation with the 8 mm? 
electrode was always associated with higher 
impedance than with the 28 mm” electrode (all, 
p < 0.001) and, with one exception, higher than 
with the 57 mm? electrode (p < 0.05). Stimula- 
tion impedance differences between the two 
larger surface area electrodes were not signifi 
cant. Representative impedance values for the 
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Fig 1. Mean threshold stimulation impedance as a func- 
tion of electrode variables and stimulus duration. 
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Table 1. Intramyocardial Electrode Tissue Interface Threshold Stimulation Impedance 
(ohms + SE) as a Function of Electrode Factors and Stimulus Duration 


OO 


Surface Stimulus Duration (msec) 

Area vr err 
Material (mm?) 0.05 0.5 1 2 5 
ECF 0.5 23525 $35 2,551 + 239 3;057 = 361 2,835 Æ 232 3,122 + 359 
Elgiloy 8 958 + 41 1,079 + 82 1,400 + 182 1,623 + 190 L627 = 157 
Elgiloy 28 388 + 20 477 = 31 483 + 30 493 + 33 579 + 26 
Platinum- 57 543 + 52 777 £ 150 723 + 189 780 + 80 767 + 60 

iridium 


ee at 


ECF = extracellular fluid. 


different leads and stimulus durations are given 
in Table 1. 

Figure 2 illustrates the significant increases in 
trailing edge impedance over leading edge im- 
pedance with two of the direct metal-to- 
myocardial tissue contact electrodes (8 mm* and 
28 mm?). The difference between leading edge 
and trailing edge impedance increased as stim- 
ulus duration was lengthened and was signifi- 
cantly greater with the 8 mm’ electrode than 
with the 28 mm? electrode. The differential- 
current-density 0.5 mm?’ electrode, which 
eliminates direct contact between metal and 
myocardial tissue, showed a minimal and in- 
sfgnificant increase in trailing edge impedance 
over leading edge impedance and no tendency 


toward increased polarization with longer pulse 
durations. 

Figure 3 illustrates the effect of three different 
stimulation sites (right ventricular endocardial, 
left ventricular intramyocardial, right ventric- 
ular intramyocardial), which are often used 
clinically, on myocardial threshold stimulation 
impedance. Using identical 8 mm” Elgiloy elec- 
trodes at each site, threshold stimulation im- 
pedance was significantly greater with left 
ventricular intramyocardial stimulation (trans- 
thoracic electrode) than with right ventricular 
endocardial stimulation (transvenous electrode) 
at all pulse durations studied. Right ventricular 
intramyocardial stimulation impedance values 
were intermediate at all durations and were not 
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Fig 2. Leading-edge and trailing-edge threshold stimula- 
tion impedances as functions of electrode variables and 
stimulus duration. 
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Fig 3. Mean threshold stimulation impedance as a func- 
tion of stimulation site and stimulus duration. (LVM = 
left ventricular intramyocardial site; RVM = right 
ventricular intramyocardial site; RVE = right ven- 
tricular endocardial site.) 


Table 2. Elgiloy 8 mm? Electrode Tissue Interface Threshold Stimulation Impedance 
(ohms + SE) as a Function of Stimulation Site and Stimulus Duration 


ii 


: Stimulus Duration (msec) 


Site 0.05 OS 1 2 5 
a 


LVM 958 + 41 LOS 2 1,400 + 182 1,623 + 190 1,627 + 157 
RVM 745 + 86? 1,037 + 148 1,242 + 228 1,300 + 308 L916 +271 
RVE 670 + 67° 92 B87 851 + 90> 1,001 + 105° 1,199 £ 349° 


“Compared with LVM, p < 0.05. 
"Compared with LVM, p < 0.01. 


LVM = left ventuipular intramyocardial; RVM = right ventricular intramyocardial; RVE = right ventricular endocardial. 
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Fig 4. Mean threshold stimulation impedance as a func- 
tion of acid-base imbalance and stimulus duration. 
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Table 3. Intramyocardial Electrode Tissue Interface Threshold Stimulation Impedance 


(ohms + SE) as a Function of Acid-Base Imbalance” 


OO 


Stimulus Duration (msec) 


Base a nema ina ies aa ia aaa 
Electrode Excess 0.05 0.5 1 2 5 
0.5 mm? 0 2 2,525 + 313 2,551 + 239 3,057 + 361 2,835 + 232 3,122 + 359 
ECF — 15 2,126 + 283 2,168 + 250 2,585 + 409 2,642 + 386 3,191 + 707 
+15 2,213 + 227 2,506 + 271 2,867 + 306 2,921 + 180 2,898 + 186 
28 mm? 0 2 388 + 20 447 + 31 447 + 30 493 + 33 579 + 26 
Elgiloy —15 364 + 28 416+ 50 428 + 45 514+ 53 
+15 388 + 40 497 + 58 542 + 95 677 + 122 


aNo significant differences between acidosis, alkalosis, and normal acid-base balance at any of the durations studied. 


ECF = extracellular fluid. 


significantly less than with left ventricular 
intramyocardial stimulation, except at one 
pulse width, or significantly greater than 
with right ventricular endocardial stimulation 
(Table 2). 

Figure 4 illustrates the lack of significant ef- 
fect of acidosis and alkalosis on threshold 
stimulation impedance values obtained with 
the 8 mm? left ventricular intramyocardial elec- 
trode at all pulse durations. A similar lack of 
effect of acid-base imbalance with the 0.5 mm’ 
extracellular fluid electrode and the 28 mm? El- 
giloy electrode is shown in Table 3. Results 
with the 57 mm? electrode were not signifi- 
cantly different than with the 28 mm’ electrode. 


Comment 

Stimulation impedance is a complex combina- 
tion of six factors: (1) the resistance in the 
metallic lead wire and electrode, usually ap- 
proximately 100 ohms; (2) the electrochemical 
potential developed when electrodes of dis- 
similar metal (even different batches of the 
same material, e.g., electrode tip and pace- 
maker case) are placed in an electrolytic solu- 
tion; (3) the transfer potential required to ener- 
gize the secondary chemical reactions occurring 
at the electrode-electrolyte interface during 
stimulation; (4) the concentration potential re- 
quired to assist in replacement migration of 
ions discharged from the eens tissue 
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interface during current transfer; (5) the myo- 
cardial tissue impedance; and (6) the tissue 
pathway interconnecting the cathode and the 
anode in unipolar applications. Thus, the myo- 
cardial impedance to depolarization is an im- 
portant factor but only one of many that deter- 
mine the absolute value of stimulation im- 
pedance. The electrode and tissue resistances 
(factors 1, 5, and 6) are very nearly ohmic and 
are thus proportional to the current flow 
whereas the reactions in factors 2 through 4 are 
dependent on multiple variables. However, in 
spite of the complex nature of the electrode- 
electrode tissue interface—myocardial stimula- 
tion impedance, determination of an average of 
the leading edge and trailing edge voltage/ 
current ratios measured from Polaroid photo- 
graphs of each stimulus does approximate the 
myocardial stimulation impedance within rea- 
sonable statistical bounds. We have verified the 
results reported by alternative techniques in- 
cluding the absolute current drain averaged 
over multiple stimulus pulses as determined by 
a long time constant averaging microammeter, 
in conjunction with a pacemaker circuit cali- 
brated with pure resistive substitution. For 
determining energy requirements and cell cur- 
rent drain with regard to the electrode load in 
implantable pacemakers, the absolute current 
drain method reveals the power consuming 
element of the electrode-tissue interface im- 
pedance and, therefore, the most significant 
variable of the complex set of impedance- 
related variables. 

Studies of earlier 7 to 58 mm? surface area, 
bipolar, transthoracic electrodes using a 2 msec 
pulse duration revealed threshold myocardial 
impedances in the range of 200 to 650 ohms. 
The method of impedance determination was 
not specified [2]. With an experimental 31 mm? 
stainless steel disc electrode and a range of fre- 
quencies from 30 Hz to 30 kHz, in vitro imped- 
ances in 0,9% saline solution were determined 
to range from 1,000 ohms at the lower frequency 
to less than 100 ohms at the higher frequency. 
An impedance bridge in series with a 50 kohm 
resistance was used to determine the imped- 
ance of the electrode, electrode-electrolyte 
interface, and electrolyte [7]. The lowest fre- 
quency employed crudely corresponds to the 
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range used for clinical pacing. Using a Med- 
tronic myocardial electrode with a surface area 
of approximately 35 mm?, stimulation imped- 
ance of the right ventricular myocardium of 
dogs was determined to be in the range of 400 
to 700 ohms with no effect of pulse duration 
noted [5]. However, all measurements were 
made at the leading edge of the pulse, which 
excluded the impedance changes due to elec- 
trode tissue interface polarization. In a later 
study by the same workers [6], electrode im- 
pedance was defined as “voltage : current ratio 
just before the end of 1 msec. 10 mA pulse.” 
With this definition, impedance was noted to 
increase as an inverse function of surface areas 
between approximately 50 mm? and 8 mm? [6]. 

The present study has demonstrated the fol- 
lowing points for metallic electrodes: (1) The 
mean stimulation impedance increases as pulse 
duration is lengthened. (2) The trailing edge 
impedance appears significantly higher than 
the leading edge impedance due to the late 
polarization encountered in long pulses. This 
is due to the large instantaneous leading 
edge current, a consequence of initial high 
capacitance-charged transfer. (3) Left ventricu- 
lar intramyocardial stimulation is associated 
with a significantly higher threshold stimula- 
tion impedance than right ventricular endocar- 
dial stimulation. (4) Conditions of acidosis and 
alkalosis do not notably alter threshold stimu- 
lation impedance from normal. (5) A small sur- 
face area Elgiloy electrode [13] is associated 
with a significantly greater threshold stim- 
ulation impedance than a 57 mm? plati- 
num-iridium electrode and a 28 mm? Elgiloy 
electrode. The differential-current-density elec- 
trode, which theoretically allows transfer of 
charge from the Elgiloy coil to the electrolytic 
fluid within the electrode tip at low current 
density with minimal polarization, but passes 
the charge into the myocardium through a small 
terminal hole at high current density with no 
material change interface [12], does in fact show 
only minimal polarization effects [14] with an 
insignificant difference between leading edge 
and trailing edge impedance and an insignifi- 
cant stimulation impedance increase as pulse 
duration was lengthened. 

Smaller surface area metallic electrodes result 
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in lower threshold energy requirements for 
pacing than larger electrodes; left ventricular 
intramyocardial stimulation results in lower 
threshold energy requirements than right 
ventricular endocardial stimulation; and 
differential-current-density electrodes result in 
optimal threshold stimulation energy require- 
ments. As all three of these conditions are asso- 
ciated with significantly higher stimulation 
impedances than the comparable conditions 
requiring greater stimulation energies, it must 
be assumed that threshold stimulation im- 
pedance and pacing threshold energy require- 
ments, and the potential for exit block are 
inversely related. Thus, the higher the 
electrode—electrode tissue interface-myo- 
cardial impedance determined at the time 
of electrode implantation, the lower the stimu- 
lation energy requirement at threshold. Unfor- 
tunately, an inverse relationship potentially 
applies to sensing [1, 3, 10], but the exact re- 
lationship of sensing impedance (the resistance 
to the progression of the R wave voltage from 
the myocardium to the sensing circuitry of the 
pacer) to stimulation impedance, as a function 
of physiological, electrode, pacing circuit and 
stimulus variables, will require further study. 
Certainly, in acute studies, the differential cur- 
rent density concept [12] approaches the opti- 
mal for pacing [14], and the provision of an ad- 
ditional large-surface-area sensing electrode in 
parallel, as in the tripolar concept [10], offers 
the potential to combine optimal sensing and 
pacing function within a single lead. Further 
study of the differential density electrode dur- 
ing chronic applications is still required. 

The impedances reported in this study were 
determined at threshold, and it is recognized 
that different stimulation impedance values 
will be determined with different pacemakers 
as a function of their stimulus wave-forms, con- 
stant current or constant voltage characteristics, 
and different stimulus energy levels. Increasing 
the impedance in the electrode system in in 
vitro studies does reduce the pacemaker output 
energy as previously reported [4]; but this would 
result in exit block only if the impedance were 
in series with the electrode tissue interface and 


the electrode surface area held constant, thus 
reducing current density at the electrode inter- 
face. In contrast, the reduction of pacemaker 
output energy achieved with high-current- 
density electrodes is another measure of the 
energy conserving efficiency of small stimula- 
tion surface area. 
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CASE REPORTS 


Pulmonary Lymphangiomyomatosis 


Robert L. Shuman, M.D., Richard Engelman, M.D., 


and C. Frederick Kittle, M.D. 


ABSTRACT Pulmonary lymphangiomyomatosis is a 
rare but distinct clinical and pathological entity. It is 
characterized by hamartomatous proliferation of 
smooth muscle around the lymphatic vessels of the 
lung, mediastinum, and retroperitoneum. It occurs 
only in menstruating women and girls and is man- 
ifested by spontaneous pneumothorax and chylous 
pleural or abdominal effusion. As it progresses, the 
lungs become increasingly involved with sub- 
sequent pulmonary insufficiency and recurrent in- 
fection. Eventually death results. 

This entity has not been reported previously in the 
surgical literature even though the thoracic surgeon 
is called on to both establish the diagnosis and aid in 
palliation. The hypothesis that the disease is estro- 
gen dependent is reviewed and the desirability of 
estrogen ablation in patients with positive estrogen 
receptors is suggested. 


Pulmonary lymphangiomyomatosis was de- 
scribed in 1937 by Burrel and Ross [6]. In 1955, 
Enterline and Roberts [10] published the case 
report of a patient with a retroperitoneal tumor, 
which they labeled lymphangiopericytoma but 
which on pathological review satisfied the cri- 
teria of lymphangiomyomatosis. In 1966, Cornog 
and Enterline [8] presented the cases of five pa- 
tients with “lymphangiomyoma” and found in 
the literature an additional 14 patients with 
the same tumor classified under such terms 
as lymphangioma, lymphangiomyoma, leio- 
myomatosis, lymphangioleiomyomatosis, and 
lymphangiopericytoma. At present, 59 well- 
documented cases have been reported that 
satisfy the distinct pathological and clinical 
characteristics of this disease [2, 6, 9, 11, 12, 
14-17]. The common features are spontaneous 
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pneumothorax, recurrent chylothorax, peculiar 
pulmonary pathology consisting of lymph- 
angiectasis with proliferation of smooth mus- 
cle, and occurrence in premenopausal females. 

Our patient is unusual in the association of 
both abdominal and pulmonary symptoms (an 
association seen in only 5 of the previous in- 
stances) [11]. 


A 47-year-old white woman had pain and a 
palpable mass in the right lower quadrant in 
1931 when she was 15 years old. In 1961 and 
1962 a spontaneous right pneumothorax and 
pleural effusion developed, both resolving 
without chest tube drainage. 

In 1968, total abdominal hysterectomy, right 
salpingo-oophorectomy, and appendectomy 
were performed. The pathology report de- 
scribed hydatid cysts of Morgagni, a corpus 
luteum cyst, long-term cervicitis, secretory en- 
dometrium, and fibrosis of the appendix. In 
April 1973, hemoptysis developed and chest 
roentgenogram showed a fine reticular nodular 
pattern bilaterally. 

The right lower quadrant mass and pain were 
present still, and an extensive workup includ- 
ing lymphangiography revealed a lymphoge- 
nous cyst in the lower abdomen. In November, 
1974, she underwent laparotomy, during which 
a large (12 X 7 cm) retroperitoneal lymphoge- 
nous cyst was found and subtotally resected. 
This cyst occupied the entire pelvis and ret- 
roperitoneal area, and contained chyle. Micro- 
scopically, a diagnosis of lymphangioma was 
made. 

The patient continued to have some ascites, 
managed by diuretics and a low-fat diet with 
medium-chain triglycerides, but was able to re- 
sume an active life until June, 1977. At that time 
sudden right chest pain and dyspnea de- 
veloped. Chest roentgenogram showed a large 
right pleural effusion (Fig 1). A closed tube 
thoracostomy was done, and 1,500 ml of chyle 
was removed. 
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Fig 1. A large right pleural effusion is visible with the 
bilateral fine reticular pattern of the lung most promi- 
nent in the left lower lung field. 


Chest roentgenograms revealed a fine reticu- 
lar nodular pattern in both lung fields. Room air 
blood gases were: Po», 73 mm Hg; Pcoz, 36 mm 
Hg; pH, 7.45; HCO; , 25 mEq; and oxygen sat- 
uration, 94%. Lung scan showed a perfusion de- 
fect at the right base, probably secondary to the 
pleural effusion, and mild perfusion defects at 
both apices. A barium enema disclosed a large 
translucent mass in the right lower quadrant 
that deviated the ascending colon medially. 
Lymphangiogram demonstrated a bizarre fill- 
ing of multicystic structures in the abdomen 
with one large cyst in the right paravertebral 
gutter and another overlying the proximal 
aorta. The patient remained on closed tube 
drainage, and the chylous effusion gradually 
ceased over a two-week period. However, it 
subsequently recurred. 

Because of the recurrent pleural effusion and 
the possibility of pulmonary lymphangio- 
myomatosis, pleurectomy and open lung bi- 
opsy were advised. In July, 1977, a right axillary 
thoracotomy was done. The lung was diffusely 
covered with small 2 to 3 mm cysts, and the 





Fig 2. Postoperative roentgenogram demonstrating 
bilateral reticular-nodular infiltrate in the lower lobes. 
The staple in the right upper lobe is the site of the lung 
biopsy, and the steel clips in the right diaphragm repre- 
sent an area of diaphragmatic cysts. 


pleura was slightly thickened. There was a large 
5 x 3 cm multilobulated cyst arising by a 2 cm 
stalk from the right diaphragm. Approximately 
300 ml of blood-tinged chyle was present. Right 
parietal pleurectomy, biopsy of the right upper 
lobe, and excision of the diaphragmatic cyst 
were done. The thoracic duct was examined 
and appeared normal. After operation the chy- 
lous drainage gradually decreased over a two 
and one-half week period (Fig 2). 

Microscopic examination of the lung biopsy 
specimen revealed widespread proliferation of 
smooth muscle especially related to the pulmo- 
nary vessels, lymphatic channels, and sub- 
pleural lymphatics. The subpleural lymphatics 
were markedly dilated (Fig 3). 

The diaphragmatic cyst proved to þe a group 
of lymphangiectatic cysts. The pleura showed 
short-term and long-term pleuritis with marked 
infiltration by eosiniphils. 

Two months after discharge, the patient was 
readmitted for a left oophorectomy. Although 
she was having hot flashes, she continued to 
have menstrual flow and it was thought that 


\ 
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Fig 3. Representative microscopic field from a lung bi- 
opsy specimen demonstrating widespread foci of smooth 
muscular hyperplasia and lymphangiectasis. (H&E; 
original magnification X152.) 


complete obliteration of circulating estrogens 
might delay the progressive parenchymal 
changes in the lungs. 


Pulmonary function tests at that time re- 
vealed a decrease in vital capacity to 75%, in 
forced expiratory volume in one second to 66%, 
and in maximum mid-expiratory flow to 36% of 
predicted normal. In addition, functional re- 
sidual capacity was decreased to 72%, residual 
volume to 82%, and total lung capacity to 77%. 
Resting room air gases revealed a Po, of 96 mm 
Hg, Pco, of 40 mm Hg, pH of 7.48, and oxygen 
saturation of 98% (a mild restrictive abnormal- 
ity compatible with a diffuse interstitial dis- 
ease). 

At operation the left ovary was atrophic. The 
peritoneum was hyperemic secondary to the 
long-term irritation of the chylous ascites. 


} 


Careful palpation of the abdomen and pelvis 
failed to reveal any notable masses. 

The ovary, fallopian tube, and a portion of 
omentum revealed no changes suggestive of 
lymphangioma. Estrogen-receptor study of the 
Ovary was negative. Unfortunately, no tumor 
tissue was found for a study of estrogen recep- 
tors. 


Clinical Features 
Pulmonary lymphangiomyomatosis has been 
reported exclusively in premenopausal women 
whose average age is 43 years (range, 17 to 47 
years) [9, 16]. They generally are seen with 
dyspnea secondary to spontaneous pneumo- 
thorax or chylous pleural effusion. In 39 of 
the 59 reported patients, unilateral or bilat- 
eral chylothorax developed during the illness, 
and in 21 spontaneous pneumothorax devel- 
oped [2, 9, 11-16, 18]. Eleven patients had chy- 
lous abdominal ascites, but only 5 patients had 
both chylous ascites and chylothorax [9, 11]. 
The disease is characterized by repeated 
pneumothoraces or pleural effusion secondary 
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to rupture of the small subpleural lymphan- 
giectasis cysts. As the disease progresses, it 
enters a pulmonary parenchymal phase in 
which the small cysts enlarge to destroy normal 
alveoli, resulting in a honeycomb appearance 
on chest roentgenograms [7, 19]. At this point, 
the patient has severe and unrelenting dyspnea 
secondary to hypoxia. From the time the fine 
reticular nodular pattern appears on chest 
roentgenogram, the patient lives an average of 4 
years [19]. With respect to the endocrine sys- 
tem, it is interesting that the longest survivor, 
after the parenchymal changes appeared, de- 
veloped these changes only gradually after 
menopause and lived for 16 years after she was 
first seen [19]. 

In a smaller number of patients, chyloperi- 
cardium and lymphedema of the extremities 
have been noted. The location of the chylous 
fluid is dependent on the site of lymphatic 
vessels affected. 

It is of note that our patient has had persis- 
tent eosinophilia (4 to 7%) for the past 2 years. 
Complete investigation for the cause was nega- 
tive. Interestingly, pathological examination of 
the pleura revealed a marked eosinophilic 
infiltrate. Although eosinophilia has not been 
reported with chylous pleural effusion, it is 
possible that the chyle acts as an antigen and re- 
sults in activation of the patient's immuno- 
logical mechanism. Eosinophilic pleuritis does 
occur after repeated pneumothoraces [1]. 
Eosinophilia has been noted after hemothorax, 
pneumothorax, and pleural effusion [5, 21]. 


Roentgenographic Findings 
The most common roentgenographic finding is 
that of pleural effusion. This was seen in 39 of 
the 59 reported patients and its chylous nature 
was diagnosed by thoracentesis or chest tube 
insertion [18]. Twenty-one patients showed 
spontaneous pneumothorax during the disease. 
Invariably, by the time these two pleural com- 
plications were seen, the chest roentgenogram 
revealed a fine reticular nodular interstitial in- 
filtrate throughout both lung fields. 
Mediastinal retroperitoneal masses, 
which are part of this disease, are generally 
small and are often not appreciated on routine 
chest roentgenogram or abdominal roentgeno- 


and 


gram. In our patient, however, the retro- 
peritoneal cysts were and are a prominent 
part of the symptom complex. 

It has been noted by several observers that 
the parenchymal changes seen on chest roent- 
genogram in this disease are identical to those 
seen in patients with pulmonary tuberous scle- 
rosis (epiloia) [9, 12, 18-20]. Pulmonary tuber- 
ous sclerosis is very rare (35 reported cases) [18] 
and occurs almost exclusively in women. While 
pneumothorax is common in pulmonary tuber- 
ous sclerosis, chylothorax has been seen only 
twice. The diagnosis of tuberous sclerosis is 
made usually on the basis of family history, sei- 
zures, adenoma sebaceum, and mental retarda- 
tion, which allow it to be differentiated from 
lymphangiomyomatosis. 


Pathology 
Pathologically, lymphangiomyomatosis is char- 
acterized by small mediastinal or retroperi- 
toneal cystic tumors or both, which contain 
smooth muscle proliferation in the 
gion of normal lymphatic distribution (in- 
traparenchymal, perivascular, peribronchial, 
and subpleural) [9, 18]. Usually, the perilym- 
phatic smooth muscle proliferation is regarded 
as a hamartomatous rather than a neoplastic 
process [7, 8, 11, 18, 22]. Numerous reporters 
have also demonstrated this smooth muscle 
hyperplasia in the regional lymph nodes [9, 18]. 
This hyperplasia results in obstruction to the 
normal lymph flow and, depending on its site 
of involvement, may result in chylous ascites, 
chylothorax, lower extremity lymphedema, or 
chylopericardium. Frequently, there is nodular 
proliferation of muscle tissue in the lobular 
septa, the pleura, the alveoli, and the bron- 
chioles. Air trapping can occur owing to bron- 
chiolar obstruction. Mural hyperplasia of mus- 
cle in the walls of the pulmonary veins causes 
obstruction, with alveolar hemorrhage and 
hemoptysis. Hemosiderosis may result. 

Grossly, the surface of the lungs shows gener- 
alized cystic changes that range from a micro- 
scopic size to several centimeters in diameter. It 
is the subsequent rupture of these enlarged 
subpleural lymphatics that results in chylo- 
thorax and pneumothorax. 

In addition, diffuse muscular hyperplasia 


pes 
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and honeycomb lung has been thought to be a 
variant of emphysema [4] and has even been 
referred to as “muscular cirrhosis of the lung” 
[3, 5, 9]. However, these entities are easily sepa- 
rated from pulmonary lymphangiomyomatosis, 
clinically by the lack of pneumothorax and 
chylothorax and pathologically by the lack of 
mediastinal, retroperitoneal, or lymph node in- 
volvement. The pulmonary changes seen in pa- 
tients with tuberous sclerosis are similar, but 
this should be considered as a separate and 
distinct disease. 


Therapy 

The treatment of patients with this disease has 
been only palliative or diagnostic, and can be 
generally divided into the pleural or paren- 
chymal approach. In the pleural approach, 
treatment is aimed at reducing chylothorax 
or pneumothorax. In our patient, the pneu- 
mothorax resolved spontaneously. Often this 
does not happen, however, and closed tube 
thoracostomy is necessary to drain air or chyle. 
For patients with recurrent pneumothorax or 
chylothorax, pleurectomy often solves the 
problem although it has no effect on the oppo- 
site lung or on the parenchymal process itself. 
Occasionally thoracotomy is requested for open 
lung biopsy for diagnosis, but this is not rec- 
ommended since the clinical picture for this 
disease is pathognomonic. 

There have been two reports of resolution of 
recurrent chylothorax by chest tube and 
sclerosing agents [15] in which a large right 
chylous pleural effusion was completely con- 
trolled by chest tube drainage and the intra- 
pleural instillation of nitrogen mustard (10 mg a 
week for three weeks) and Atabrine* (quinac- 
rine hydrochloride). 

Thoracic duct ligation has been attempted in 
5 patients [7]. Three died during the operation, 
and the 2 survivors were not helped. This does 
not seem appropriate in the management of 
chylous pleural effusions secondary to lym- 
phangiomyomatosis. 

The other approach is parenchymal. By the 
time the disease reaches this phase, there is no 
known palliative therapy. Women live an aver- 


*Rakower J: Personal communication, 1977. 


age of 4 years after this phase is revealed on 
chest roentgenogram [19]. 

In light of the fact that all instances of this 
disease have appeared in women who are ac- 
tively menstruating, it is postulated that the 
disease may be estrogen dependent [7, 18]. In 
our patient a right oophorectomy was per- 
formed in 1968 for a benign ovarian cyst. In 
1973 during an episode of hemoptysis, the fine 
reticular pattern was first noted and, at the time 
of writing, she has bilateral reticular changes, 
but no hypoxia or dyspnea. 

A review of the literature showed that no pa- 
tients have been treated by estrogen ablation. 
One patient was treated with androgens, but 
only after the disease was far advanced, and no 
symptomatic relief was obtained [7]. 

When patients with this disease require oper- 
ative intervention, fresh tissue should be sub- 
mitted for estrogen-receptor determinations. 
Should the tissue be positive for estrogen re- 
ceptors, ablation should be strongly considered 
because of its theoretical benefit in forestalling 
the progression of the fatal pulmonary fibrosis. 

Radiation therapy to the lungs is contraindi- 
cated because it produces further fibrosis. 

Current chemotherapy does not seem to have 
any promise since the disease is basically be- 
nign, slowly progressive, and hamartomatous. 
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Total Lung Ectoplasia with Systemic Arterial Supply 


Akira Masaoka, M.D., Masazumi Maeda, M.D., Yasumasa Monden, M.D., 
Kazuya Nakahara, M.D., and Yasuhiko Tani, M.D. 


ABSTRACT A 6-month-old girl was noted to have 
fever and stridor. Investigations revealed an abnor- 
mal lung that communicated with the esophagus and 
had a systemic arterial supply from the abdominal 
aorta. Resection of the abnormal lung was per- 
formed successfully. We have termed this disorder 
total lung ectoplasia. Ten patients from the literature 
were reviewed. 


Pulmonary sequestration has been noted more 
and more frequently, and occasionally anoma- 
lous lung tissue communicating with the 
esophagus has been reported. In the patient 
reported here, lung tissue communicated with 
the esophagus and a normal right lung was ab- 
sent. 


A 6-month-old girl had had fever, stridor, and 
cough since she was 4 months old. She was the 
product of a full-term, normal pregnancy, and 
delivery was uncomplicated. Coughing attacks 
occurred usually after eating. She appeared 
small and poorly nourished, but did not have 
jaundice, anemia, or cyanosis. Body tempera- 
ture was 37.6°C. Tachypnea and stridor were 
noted. The apex beat was palpable on the right 
side of the chest. Percussion yielded dullness 
and weak breath sounds on the right chest wall. 

Findings at hematological examinations in- 
cluded leukocytosis (19,000/mm?*), and acceler- 
ation of erythrocyte sedimentation rate (57 mm 
in one hour). Electrocardiogram revealed right 
axis deviation and counterclockwise rotation. A 
chest roentgenogram (Fig 1) demonstrated a 
homogeneously opacified right thorax. The 
cardiac contour was buried in the opacity. If 
examined carefully, however, the roentgeno- 
gram showed an airy network scattered in the 
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opacity, suggestive of findings in an air bron- 
chogram. Tracheobronchial air bronchogram 
showed interruption of the right main bron- 
chus. Although routine esophagogram was 
normal, high-pressure esophagogram revealed 
a bronchuslike ramification arising from the 
lower end of the esophagus (Fig 2). This ramifi- 
cation was coincident with the air space ob- 
served in the routine chest roentgenogram. 

A pulmonary artery angiogram showed ab- 
sence of the right pulmonary artery (Fig 3). An 
aortogram revealed an arterial supply from the 
abdominal aorta to the Opacity, and thereafter a 
draining into the azygos vein (Fig. 4). 

A right thoracotomy was performed. It was 
discovered that the upper part of the right 
thorax was occupied by the heart instead of a 
normal right lung. In the lower part, a paren- 
chymatous mass with a Pyramid shape was 
found. This mass communicated with the 
esophagus through a bronchuslike duct, 4 mm 
in diameter. The vessels supplying the duct 


Fig 1. Routine chest roentgenogram. Note the network 
of air spaces in the opacity. 
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Fig 2. High-pressure esophagogram (left) demonstrated 
a bronchial anatomy that corresponded with the air 
bronchogram (right). 





Fig 3. Pulmonary arteriogram. Fig 4. Aortogram. 
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Data on 11 Patients with Total Lung Ectoplasia 


— a 


Patient Involved Supplying Draining Other 
Author No. Age Sex Symptoms Side Artery Vein Anomalies 
Keeley and Schairer [8] 1 4d M Cyanosis R NS NS Esophageal 
atresia 
Warner et al [16] 2 5 mo F Fever, R NS NS 
stridor 
Thompson and Aquino [15] 3 6d M Cyanosis R PA PV Cleft palate, 
PDA 
Hanna [6] 4 5 mo F Fever, R PA PV 
stridor 
Bates [1] 5 7 mo M Stridor R Systemic Anomalous Webbed neck 
anomalous vein to 
artery LA 
Nikaidoh and Swenson [9] 6 12d M Abdominal R PA PV Duodenal 
distention stenosis 
Dortenmann et al [2] 7 46 yr F Fever, R Systemic Systemic 
vomiting 
Nitta et al [10] 8 142 yr M Fever R NS NS Cleft palate, 
absence of 
PA 
Reilly et al [11] 9 10d M Respiratory R Systemic Systemic Anomaly bilat. 
difficulty of first rib 
Szarnicki et al [14] 10 10 mo F Fever R PA PV 
Masaoka et al 11 6 mo F Fever, R Abdominal Azygos 
[this paper] stridor aorta vein 


NS = not stated; PA = pulmonary artery; PV = pulmonary vein; PDA = patent ductus arteriosus; LA = left atrium. 


were found around it. The mass was resected 
after division of the duct. Its gross appearance 
was that of an atelectatic lung with a stem bron- 
chus in the center. Histological examination of 
the duct revealed a well-developed bronchial 
structure. The parenchymatous area consisted 
of poorly developed lung tissue, with chronic 
inflammatory changes in places. 

The patient had stridor until 6 months after 
operation. She was seen most recently when 
she was 4 years old and, at that time, was de- 
veloping well and was in good health. 


Comment 

The distinctive features of this case can be 
summarized as follows: (1) absence of a normal 
right lung; (2) abnormal lung tissue com- 
municating with the esophagus; and (3) a sys- 
temic blood supply into the lesion. Schechter 
[12] classified the congenital subtractive bron- 
chopneumonic malformations into four groups: 
aplasia; dysplasia; hypoplasia; and ectoplasia. 
He defined ectoplasia as part or all of a lung that 
was joined to the upper digestive system by a 
track. Of 414 bronchopneumonic malforma- 
tions he reviewed, only 6 cases of ectoplasia 


were found. The present patient constitutes an- 
other. 

Ectoplasia includes two conditions: absence 
of an ipsilateral lung communicating with the 
original tracheobronchial tract (total lung ec- 
toplasia) and presence of the ipsilateral normal 
lung (partial lung ectoplasia). The latter is 
coincident with the extralobar sequestration 
with esophageal communication. The condition 
in our patient is an example of the former. 

Heithoff and associates [7] reviewed 29 pa- 
tients with these malformations, 10 with total 
lung ectoplasia and 19 with partial lung ecto- 
plasia. They considered both conditions to be 
bronchopulmonary foregut malformations be- 
cause they had a common embryological patho- 
genesis. 

We reviewed 10 patients with well-docu- 
mented total lung ectoplasia [1, 2, 6, 8-11, 
14-16] (Table), in addition to the one reported 
here. The most distinctive difference between 
these malformations was the presence or ab- 
sence of the pulmonary arterial supply. In Pa- 
tients 3,4, 6, and 10 (see Table) pulmonary arte- 
rial supplies were present, and in Patients 5, 
7, 9, and 11 they were absent. In the latter 
group, systemic arterial supplies were clarified 
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in 4 instances. The draining veins were pulmo- 
nary veins in the patients with pulmonary arte- 
rial supply, but systemic veins, an azygos vein, 
or an anomalous vein, to the left atrium in those 
with systemic arterial supply. Using these data, 
lung ectoplasia might be classified into four 
types: total lung ectoplasia with pulmonary ar- 
tery supply; total lung ectoplasia with systemic 
arterial supply; partial lung ectoplasia with 
pulmonary artery supply; and partial lung 
ectoplasia with systemic arterial supply. 
Although partial lung ectoplasia usually has a 
systemic blood supply [13], Gans and Potts [3] 
described a patient with pulmonary arterial 
supply. 

In total lung ectoplasia, migration and trans- 
plantation of the right pulmonary anlage is 
suggested in its pathogenesis [9], and the dif- 
ference of blood supply suggests a difference in 
the time when separation of the right pulmo- 
nary anlage from the primitive lung bud oc- 
curred. This malformation has been described 
under various names: pulmonary ectoplasia 
[12], total sequestration [6], ectopic lung [5], 
lung ectopia [16], and bronchopulmonary 
foregut malformation [4, 7, 11]. We propose to 
call it total lung ectoplasia. 
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HOW TO DO IT 


Axillofemoral Bypass: Intrapleural Method 


V. Tangpraphaphorn, M.D., A. Spinazzola, M.D., and J. King, M.D. 


ABSTRACT A new procedure for intrapleural 
axillary—bilateral femoral bypass is described. This 
method is proposed as an alternative procedure for 
bypassing aortoiliac occlusive disease in the high- 
risk patient. 


The conventional axillofemoral bypass places 
the graft subcutaneously outside the chest wall, 
and the reported rate of early graft failure is as 
high as 29% [1-4]. Failure is caused primarily 
by compression of the graft against the bony 
chest wall during sleep. Our procedure places 
the graft intrapleurally, thus alleviating the 
major cause of failure. 


Technique 

A preoperative chest roentgenogram is re- 
viewed for evidence of new or old pulmonary 
disease, which could indicate pleural adhesions 
in the upper anterior chest. If adhesions are 
found, the opposite side is selected for anas- 
tomosis to the axillary artery. Arteriography in- 
cludes the aortic arch and both subclavian and 
axillary arteries as well as the abdominal aorta 
and both femoral arterial trees. 

The operation is done with the patient in the 
supine position with both arms extended. The 
common, superficial, and deep femoral arteries 
are exposed through standard longitudinal 
groin incisions. Systemic heparinization is 
utilized. Arteriotomies are made on the com- 
mon femoral arteries just proximal to the bifur- 
cation and are extended toward the deep 
femoral artery if the superficial femoral artery is 
occluded. Back bleeding is observed. The axil- 
lary artery on the side of poorer back flow is 
chosen as the donor artery. A subclavicular 
transverse incision is then made on the selected 
side over the deltopectoral groove. The deltoid 
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muscle is separated from the pectoralis major 
muscle, and the pectoralis minor muscle is re- 
tracted laterally. The axillary artery is isolated, 
thereby exposing the first and second portions 
of the artery. A longitudinal arteriotomy is 
made on the caudad surface of the axillary ar- 
tery. A preclotted 10-mm Dacron prosthesis is 
anastomosed to the axillary artery at this point. 

A subcostal incision is made on the ipsilateral 
side just medial to the anterior axillary line. A 
tunneler is passed cephalad and intrapleurally 
between the costal cartilages and the dia- 
phragm, exiting through a small incision in the 
second intercostal space. The graft is attached to 
the tunneler and brought out through the sub- 
costal incision (Fig 1) and then passed subcuta- 
neously down to the ipsilateral groin incision. 


Fig 1. Intrapleural placement of the graft. 


Xa Sayer 
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Fig 2. Completed intrapleural right axillary—bilateral 
femoral anastomosis. 


The graft is adjusted to the proper length, bev- 
eled, and anastomosed to the ipsilateral com- 
mon or deep femoral artery. 

A preclotted 8-mm Dacron graft is then anas- 
tomosed to the 10-mm graft as a side branch just 
above the inguinal ligament and is passed to 
the opposite groin incision by a subcutaneous 
suprapubic tunnel. It is anastomosed to the op- 
posite femoral artery in the same manner (Fig 
2). 

Profundoplasty or endarterectomy of the com- 
mon and deep femoral arteries is performed 
as needed before anastomosis. When either pro- 
cedure (or both sometimes) is done, it is an in- 
tegral part of the procedure to enhance runoff. 
Heparinization is reversed with protamine sul- 
fate at the completion of the procedure. A chest 


tube is inserted in the midaxillary line of the 
sixth intercostal space for drainage and is re- 
moved the following day. 


Results 

Since 1972 we have performed the intrapleural 
axillary—bilateral femoral bypass on 12 patients. 
There has been only 1 early graft failure, which 
resulted from documented poor runoff. Follow- 


‘up ranges from 2 to 36 months. The patients 


ranged from 53 to 79 years old at the time of 
operation. Seven patients are still living; 5 
died of ancillary disease. 


Comment 

We have found that using the intrapleural 
method of grafting has not increased the mor- 
bidity or mortality of axillofemoral bypass. 
The procedure can be done under local or gen- 
eral anesthesia. Although the series is small and 
only 7 patients are living, all grafts are patent 
and in the patients who died, they were patent 
until time of death. 

Long-range conclusions are not possible be- 
cause of the small number of patients. How- 
ever, our experience with this procedure sug- 
gests that intrapleural axillary—bilateral femoral 
bypass effectively prevents postoperative throm- 
bosis due to compression of the graft against 
the bony thorax and is an acceptable alterna- 
tive for bypassing aortoiliac occlusive disease 
in the high-risk patient. 
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A New Method of Sternal Reclosure 


G. Uretzky, M.D., J. B. Borman, M.D., A. Appelbaum, M.D., and G. Merin, M.D. 


ABSTRACT A new method 
stabilizing dehiscence or instability of median ster- 
notomy incisions using stainless steel retention su- 


is described for 


tures. The method has been used successfully in pa- 
tients who had disruption of the sternum following 
open-heart surgery and resulted in no complications. 
It is recommended also as a preventive measure for 
closure of the sternum in elderly, debilitated pa- 
tients with a fragile sternum and with prolonged low 
cardiac output after operation. 


Median sternotomy is the principal surgical ap- 
proach to the heart and the great vessels. The 
major advantage of this incision is that it pro- 
vides the best exposure to the heart, especially 
when extracorporeal circulation is used. Also, it 
is less painful than lateral thoracotomy and less 
disturbing of pulmonary function because the 
pleural spaces remain intact, and the incidence 
of postoperative atelectasis is lower [2]. 

Transsternal wiring is a safe and well- 
established method for approximation of the 
sternum following median sternotomy in car- 
diac procedures. However, a few complications 
after median sternotomy have been described 
[1, 3]. Among them are superficial wound in- 
fection, deeper and severe wound infection, 
and dehiscence of the sternum with or without 
associated infection. The causes of dehiscence 
and disruption of the sternum in our experience 
include the following factors: (1) wound infec- 
tion; (2) weakness of the sternum and cutting 
through by the wires mainly in elderly, debili- 
tated patients who have low cardiac output for a 
long time; (3) reexploration for bleeding after 
open-heart surgery; (4) external cardiac mas- 
sage; (5) long-continued mechanical ventila- 
tion; and (6) recurrent hiccup causing disrup- 
tion of the wires. 
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Technique 

Our standard method of sternal closure after 
median sternotomy is to use stainless steel 
wires (Ethicon M-651 B&S 22). Two wires are 
passed through the manubrium and an addi- 
tional four or five wires through the body of the 
sternum. After approximation of the sternal 
edges, the wires are twisted by hand and the 
cut ends are buried in the sternal incision. We 
do not twist the wires with instruments for fear 
of weakening the wires or facilitating their cut- 
ting through the bone. 

When sternal dehiscence or instability occurs 
or is anticipated, closure is accomplished with 
standard transsternal stainless steel wires. 
However, prior to approximation of the sternal 
edges, two square stainless steel mattress su- 
tures are passed through the skin, subcutane- 
ous tissues, pectoral muscle, and anterior 
periosteum, and often through the anterior 
sternal table as well. Sometimes, when there is 
a massive wound infection and osteomyelitis of 
the sternum, the sutures are passed around the 
sternum to include all layers. Used with these 
sutures (Ventrofil Tension Relief Suture Set B, 
Braun Nelsungen AG) are plastic tension- 
reducing plates that allow approximation of the 
soft tissues in addition to sternal fixation (Fig- 
ure). The sutures are nonirritating and are left 
in place for 3 to 4 weeks or until adequate 
stabilization is achieved. 

The peristernal square wires reduce the ten- 
sion on the sternal wires and prevent their cut- 
ting through the soft and fragile bone. They 
have not caused skin infection or pressure sores 
and are removed after 4 weeks when the ster- 
num is stabilized. 

This method has been used successfully in 6 
patients: 3 who underwent coronary artery 
bypass, 2 who had valve replacements, and 1 
who underwent left ventricular aneurysm- 
ectomy. Two patients were explored for bleed- 
ing, 2 had wound infection with disruption 
of the sternum, 1 with poor pulmonary fune- 
tion had dehiscence of the sternum after pro- 
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Reclosure of the sternum with Ventrofil peristernal 
wires tied over plastic pads which protect the skin. 





longed mechanical ventilation, and 1 had dis- 
ruption of the sternum with wires cutting 
through the bone and falling into the anterior 
mediastinum following repeated, long attacks 
of hiccups. This last patient was 73 years old 
and was in prolonged low cardiac output. This 
method proved to be useful without complica- 
tions. Five of the patients are alive and well 
with stable sternums. There was 1 late death in 
an elderly patient that was unrelated to the 
sternal closure. 

We recommend that this technique be used 
in elderly, debilitated patients who have a 
fragile sternum and in patients expected to have 
prolonged low cardiac output after operation. 


References 


1. Brown AH, Brainbridge MV, Panapoulos P, et al: 
The complications of median sternotomy. J Thorac 
Cardiovasc Surg 58:189, 1969 

2. Ochsner JL, Milis NL, Woolverton WC: Disrup- 
tion and infection of the median sternotomy inci- 
sion. J Cardiovasc Surg (Torino) 13:394, 1972 

3. Sanfelippo PM, Danielson GK: Complications as- 
sociated with median sternotomy. J Thorac Car- 
diovasc Surg 63:419, 1972 


A Simple Method for Closure 
of Patent Ductus Arteriosus in Elderly Patients 


S. Erdman, M.D., L. Levinsky, M.D., and M. J. Levy, M.D. 


ABSTRACT A relatively simple and safe method 
for closure of the patent ductus arteriosus in the el- 
derly patient is described. It has been done success- 
fully in 4 patients. 


The operative management of patent ductus ar- 
teriosus (PDA) in the young patient is now well 
established. In children and young adults the 
surgical procedure is almost without risk and 
can be accomplished safely by division or liga- 
tion of the ductus arteriosus. However, closure 
of the PDA in the elderly patient may pose a 
difficult technical problem, and the use of total 
cardiopulmonary bypass [3], hypothermia with 
circulatory arrest [2], thoracic aortic bypass [4], 
or other complicated techniques [1] has been 
advised. We present a simple technique to close 
the PDA that is found as a solitary anomaly in 
the elderly patient. 

The chest is entered through the bed of the 
fifth rib. The distal aortic arch is dissected free. 
Two tapes are passed around the aorta above 
and below the ductus arteriosus. Great care is 
taken in dissecting the ductus, particularly at its 
posterior wall. Then two mattress sutures of 00 
silk are placed through two pledgets of Teflon 
felt. The pledgets are applied on the superior 
and inferior surfaces of the ductal adventitia 
(Fig 1). The sutures are tightened gradually 
until the PDA is closed (Fig 2). During dissec- 
tion to avoid rupture and particularly during 
tightening of the sutures to secure obliteration 
of the PDA, controlled systemic hypotension to 
80 to 90 mm Hg is temporarily maintained by 
intravenous administration of sodium nitro- 
prusside or trimethaphan camsylate (Arfonad). 
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Fig 1. Exposure of the distal aortic arch with the ductus 
arteriosus dissected free from the two great vessels. Two 
Teflon felt pledgets are gently sutured on the superior 
and inferior surfaces of the ductus. 





Fig 2. Closure of the patent ductus arteriosus is ac- 
complished by gently and gradually tightening the two 
mattress sutures. ® 
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NOTE 


Drug Delivery 


Ellwood G. Voorhees, CPT, Walter H. Brott, COL, 


and Thomas E. Bowen, COL, all MC, USA 


ABSTRACT The calculations necessary to allow in- 
fusion of a known drug dosage at micrograms per 
kilogram of body weight per minute are time- 
consuming and error prone. A simpler method 
entails multiplication of the patient’s weight in kilo- 
grams by the factor 15. The resultant figure repre- 
sents the number of milligrams of drug to be placed 
in 250 ml of infusate vehicle. The solution, which is 
delivered through a microdrip chamber (60 gtt per 
milliliter), will contain 1 ug per kilogram in each 
drop. One is thus permitted to define dosage by set- 
ting up the solution to have 1 gtt =1 wg/kg. 


Certain cardiovascular drugs are best given in 
dilute solution at a constant infusion rate. Ap- 
propriate dosages of drugs, such as dopamine, 
are ideally stated as micrograms of drug per 
kilogram of body weight per minute of infusion 
(ug/kg/min). The nurse or the clinician usually 
mixes a solution of a particular drug by adding 
a standard quantity of the drug to 250 ml of 
vehicle solution. It is then necessary to calculate 
how many micrograms of drug are present in 
each milliliter of solution and how many mil- 
liliters of solution must be given per minute to 
achieve delivery of the desired infusion at ug/ 
kg/min. Some of us have found these computa- 
tions to be time-consuming and subject to error 
in mixing and calculating the infusion rate. 


Technique 

We have developed a simple method for cal- 
culating drug delivery. It consists of multiply- 
ing the patient’s weight in kilograms by the 
factor 15. The resultant figure represents the 
amount of drug in milligrams that must be 
added to 250 ml of infusate. The drug is deliv- 
ered through a microdrip chamber (60 gtt per 
milliliter) ‘utilizing a commercial infusion 
pump. The number is set on the pump and con- 
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stitutes the dosage in wg/kg/min of drug. It must 
be remembered that the entire method is predi- 
cated on the use of a microdrip chamber that 
delivers 60 gtt per milliliter. Furthermore, this 
method assumes at the onset that the solution is 
such that infusion of 1 gtt of solution equals 1 
ug of the drug per kilogram of body weight. 
Derivation of the factor 15 is as follows: 


1. 1 gtt/min = 1 weg/kg/min 
2. Milligrams of drug to be added to the infu- 
sate 


_ (1 weg/kg/gtt) (60 gtt/ml) (infusate vol in ml) (body wt in kg) 
p 1,000 ug/mg 


In a man weighing 70 kg, this equation be- 
comes: 


(1 wg/kg/gtt) (60 gtt/ml) (250 ml) (70 kg) 
1,000 ug/mg 


= 15 Xx 70 = 1,050 mg* of drug to be added 
to 250 ml of infusate 


Thus, 1 gtt/min = 1 wg/kg/min in a man weigh- 
ing 70 kg. 


Examples 

Give dopamine (appropriate dosage range, 2 to 
50 wg/kg/min) [2] to a man weighing 87 kg at the 
rate of 10 wg/kg/min. 


1. 87 kg X 15 = 1,305 mg in 250 ml 
2. Give 10 gtt/min = 10ug/kg/min 


Give lidocaine (appropriate dosage range, 20 to 
50 wg/kg/min) [1] to a woman weighing 62 kg at 
the rate of 20 wg/kg/min. 


1. 62 X 15 = 930 mg in 250 ml 
2. Give 20 gtt/min = 20 uwg/kg/min 


References 


1. Harrison DC, Kerber RE, Alderman EL: Phar- 
macodynamics and clinical use of cardiovascular 
drugs after cardiac surgery. Am J Cardiol 26:385, 
1970 

2. Karliner JS: Dopamine for cardiogenic shock. 
JAMA 226:1217, 1973 


*Everything except milligrams cancels out of the equation. 


CURRENT REVIEW 


Anomalous Origin 


of the Right 


Coronary Artery from the Pulmonary Artery 


David B. Lerberg, M.D., John A. Ogden, M.D., J. R. Zuberbuhler, M.D., 


and Henry T. Bahnson, M.D. 


ABSTRACT Three patients with anomalous origin 
of the right coronary artery from the pulmonary ar- 
tery are presented together with a review of the 14 
patients with this anomaly previously reported. 
One of the current patients is the youngest to be 
diagnosed before operation and the youngest to 
undergo corrective operation. Although the lesion is 
usually asymptomatic, it may contribute to sudden 
death. The only suggestive physical finding is a con- 
tinuous murmur with diastolic accentuation, which 
is present only in some patients. There are no di- 
agnostic electrocardiographic or chest roentgeno- 
graphic changes. Diagnosis is made best by selective 
left coronary arteriography showing retrograde fill- 
ing of the right coronary artery from collateral ves- 
sels. Operative repair should consist either of direct 
reimplantation of the proximal right coronary artery 
into the aortic root or of saphenous vein bypass graft 
to the coronary artery with ligation of its origin. Op- 
eration is recommended when the lesion is recog- 
nized. 


Anomalous origin of the right coronary artery 
from the pulmonary artery is a rare coronary 
artery anomaly. While more than 140 patients 
with anomalous origin of the left coronary ar- 
tery from the pulmonary artery have been de- 
scribed [9, 20], only 14 patients with anomalous 
origin of the right coronary artery have been 
reported [1, 3, 4, 6-8, 11-15, 18, 19). This report 
describes 3 additional patients with the latter 
anomaly, 1 of whom is the youngest patient to 
be diagnosed prior to operation and to undergo 
a corrective procedure. In addition, the previ- 
ous 14 patients are reviewed together with 
these 3 patients in an attempt to provide addi- 
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tional insight into the diagnosis and manage- 
ment of this unusual condition. 


Case Reports 

Patient 1 

The patient was 6 years old when a systolic 
heart murmur was first noted. When he was 10 
years old, a diastolic component to the murmur 
appeared, and he was referred to Children’s 
Hospital of Pittsburgh for evaluation. The only 
symptoms were fatigue compared with his 
peers and frequent colds. Physical examination 
showed a well-developed youngster with nor- 
mal vital signs for his age. Peripheral pulses 
were full and equal. The first and second heart 
sounds were normal with accentuation of P». 
There was a grade 3/6 continuous murmur with 
diastolic accentuation at the apex and left lower 
sternal border. The remainder of the physical 
examination was normal. Electrocardiogram 
was suggestive of left ventricular hypertrophy; 
the chest roentgenogram was normal. 

Cardiac catheterization was performed be- 
cause a coronary cardiac fistula was suspected. 
Oxygen saturation demonstrated a slight step- 
up at the pulmonary artery level. All intracar- 
diac pressures were normal. Aortic root cinean- 
giograms demonstrated a single left coronary 
artery arising from the aorta with retrograde 
filling of a large right coronary artery which 
drained into the main pulmonary artery (Fig 1). 
Operative correction of the anomaly was per- 
formed under cardiopulmonary bypass using a 
median sternotomy incision. Except for its ori- 
gin, the right coronary artery had a normal dis- 
tribution but was dilated, thin-walled, and 
veinlike in character. A small button of tissue 
incorporating the orifice of the right coronary 
artery was excised from the pulmonary artery 
and directly transposed to the aorta. The pa- 
tient’s postoperative course was uncompli- 
cated, and he was discharged on the eighth 
postoperative day with no murmur. He is well 
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Fig 1. Right anterior oblique view of the aortic root an- 
Slogram with line interpretation. There is retrograde fill- 
ing of the anomalous right coronary artery (RCA) from 
the left anterior descending coronary artery (LAD) with 


subsequent flow into the pulmonary artery (PA). (AO = 
aorta.) 
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Fig 2. Postoperative aortic root angiogram and line in- 
terpretation showing the right coronary artery filling 
from the aorta (lateral projections). 


a 
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and without symptoms 4 years after operation. 
Repeat angiograms showed some mild stenosis 
of the anastomotic site and “kinking” of the 
right coronary artery but the flow pattern was 
normal (Fig 2). 


Patient 2 

A 2-year-old boy was admitted as a crib death. 
There was no mention of symptoms or presence 
of a murmur. ECG and chest roentgenogram 
were not obtained and cardiac catheterization 
was not performed. Postmortem examination 
showed the right coronary artery ostium 5 mm 
above the pulmonary valve with a small mem- 
branous flap over part of the ostium. There 
were small anastomoses from the left anterior 
descending coronary artery to the right coro- 
nary artery across the right ventricular outflow 
tract. Histological studies demonstrated isch- 
emic changes over the distribution of the right 
coronary artery, especially posteriorly. 


Patient 3 

A 72-year-old man had no symptoms except 
dyspnea as a terminal event. A murmur had 
been noted since early adult life. On admission 
there was a continuous murmur in the third 
and fourth right intercostal spaces. ECG was 
normal and chest roentgenogram revealed 
slight cardiomegaly. The patient died of pneu- 
monia and congestive heart failure before 
cardiac catheterization could be performed. 
Postmortem examination showed mild left ven- 
tricular hypertrophy, cardiomegaly, dilatation 
of the left anterior descending coronary artery, 
and a veinlike, dilated right coronary artery, 
which arose from the pulmonary artery. 


Material 

In an attempt to define characteristics that 
might help identify this unusual lesion, the 3 
patients just described and the 14 patients pre- 
viously reported were reviewed (Table). 

The 17 patients ranged in age from 2 to 90 
years. Half of them were 30 years old or 
younger. There were 10 male and 7 female pa- 
tients. 

A variety of cardiovascular symptoms oc- 
curred in the 17 patients: congestive heart fail- 
ure in 4; fatigue, 3; cardiac arrest, 3; angina, 1; 
and dyspnea on exertion, 1. Some patients had 


more than one symptom. Associated congenital 
heart disease accounted for the symptoms in 
3 patients, and acquired cardiovascular disease, 
such as hypertension or arteriosclerosis, ex- 
plained most of the symptoms in the other pa- 
tients. The small number of patients makes the 
identification of a common symptom complex 
difficult, and no symptom was clearly due to 
the anomalous right coronary artery. However, 
sudden death may occur without antecedent 
symptoms. In the 3 individuals who were seen 
in cardiac arrest, no lesion other than an anoma- 
lous right coronary artery was present to ex- 
plain this dramatic event. 

A murmur was noted in 11 of the patients 
who were alive at the time of initial examina- 
tion. It was systolic in 3 and systolic and dias- 
tolic or continuous in the remaining 8. Four of 
the patients had the classic continuous murmur 
that might be expected of an arteriovenous 
shunt. Diastolic accentuation of the murmur 
was noted in several and was the key to sus- 
pecting the diagnosis before catheterization 
and operation in the more recent patients. Age 
at onset of the murmur varied. No murmur 
could be heard in 2 of the patients who were 
alive when initially examined, and in 4 patients 
the presence of a murmur was either not men- 
tioned or the diagnosis was made postmortem. 
No other characteristic physical signs were 
present. l 

ECGs were not recorded or mentioned in 4 
of the 17 patients. In 6, left ventricular hyper- 
trophy was either suggested or definitely pres- 
ent; in one patient there was biventricular 
hypertrophy and in 1 there was right ventricu- 
lar hypertrophy. Two patients demonstrated at- 
rial fibrillation, and 3 had evidence of intraven- 
tricular conduction defects. No ECG showed 
evidence ‘of ischemia or infarction. 

In the 11 patients for whom a chest roent- 
genogram was described, 9 showed some evi- 
dence of increased cardiac size, generally slight, 
or prominence of the left ventricle. In only 2 
patients was the heart size considered normal 
on chest roentgenogram. Pulmonary vascula- 
ture was almost always described as normal in 
the isolated defect. 

Catheterization data were recorded in only 7 
of the 17 patients. In 2 of them, the anomalous 
origin of the right coronary artery was asso- 


90 The Annals of Thoracic Surgery Vol 27 No 1 January 1979 


Summary of Clinical Data on Patients with Anomalous Right Coronary Artery 








Clini- 
cally Shunt- Vein- 
Age, Symp- Sus- ing Dilated like Associated Diag- 
Author Sex toms Murmur pected Noted LCA RCA Conditions nosed 
Monckeberg [8] 30,M None NS No No + f Epilepsy, Post- 
subdural mortem 
hematoma 
Schley [15] 61,M CHF Systolic- No No + + Lues, AI, Post- 
diastolic CHF mortem 
Jordan et al [7] 74,M CHF NS No No + + HBP, CHF Post- 
mortem 
Cronk et al [4] 90,M None Systolic No No + + HBP, Post- 
enceph- mortem 
i alomalcia 
Rowe and 7,M Fatigue Systolic No Yes $ + ASD Opera- 
Young [14] tion 
Pribble [11] 60, F Angina Systolic- No No ~t + RHD, MS Post- 
diastolic mortem 
Burroughs 16,M_ Fatigue Systolic No No za = AP window, Opera- 
et al [3] VSD tion 
Ranniger 6,F None Systolic- No No = a TOF, PDA Angiog- 
et al [12] diastolic raphy 
Rhantigan 59,F None Continuous Yes Yes + + Diverticular Post- 
and de la disease mortem 
Torre [13] 
Wald et al [19] 

1 42,F None Continuous NS Yes + + Postop. Angiog- 
breast raphy 
cancer 

2 11,F None NS No No NS + Cardiac Post- 
arrest mortem 

Tingelstad 12,M None Systolic- Yes Yes + + Angiog- 
et al [18] diastolic raphy 
Eugster and 64, F CHF None No Yes + + AF Angiog- 
Oliva [6] raphy 
Bregman 25,F ‘None None No Yes + + Cardiac Angiog~- 
et al [1] arrest raphy 
Lerberg et al 
[this report] 

ji 11,M None Continuous Yes Yes > + Angiog- 

raphy 

2 2,M None None No No + + Crib Post- 
death mortem 

3 72,M = None Continuous No No + + Post- 

mortem 





LCA = left coronary artery; RCA = right coronary artery; NS = not stated; CHF = congestive heart failure; AI = aortic insufficiency; HBP = 
hypertension; ASD = atrial septal defect; RHD = rheumatic heart disease; MS = mitral stenosis; AP window = aortopulmonary window; 
VSD = ventricular septal defect; TOF = tetralogy of Fallot; PDA = patent ductus arteriosus; AF = atrial fibrillation. 


clated with other congenital heart disease. In 
the remaining 5 patients with isolated anoma- 
lous origin of the right coronary artery, pres- 
sures were found to be normal and there was 
little or no oxygen step-up in the main pulmo- 
nary artery. All five cineangiograms showed 
similar findings with a tortuous left coronary 
artery filling a dilated and tortuous anomalous 
right coronary artery through numerous collat- 
eral vessels. 

The lesion was clinically suspected in only 3 
of the 17 patients. The anomaly was diagnosed 
in 9 at postmortem examination, in 6 with an- 


giography, and in 2 during an operative proce- 
dure for another cardiac anomaly. 

In all patients the right coronary artery arose 
from the right side of the pulmonary artery and 


‘had a normal distribution along the atrioven- 


tricular groove and to the right ventricular 
myòcardium. Minor anomalies of terminal dis- 
tribution were noted [7]. In several instances 
the ostium to the right coronary artery was lo- 
cated above the sinus ridge. The artery was de- 
scribed as thin and dilated or veinlike on gross 
inspection in 15 patients; all were presumed to 
have normal pulmonary artery.pressures. His- 


wa 
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tological study, however, showed the basic 
structure to be arterial [11]: Two of the patients 
[3, 12] had congenital heart disease with pul- 
monary hypertension. In both, the right coro- 
nary artery was described as normal in appear- 
ance. 

In all patients the left coronary artery had a 
normal origin from the left aortic sinus and a 
normal distribution, and in 14 the left coronary 
artery was described as dilated. In adult pa- 
tients arteriosclerotic changes were seen in the 
left coronary artery but not in the anomalous 
right coronary artery. In most patients the main 
anastomotic site was over the right ventricular 
outflow tract between the left anterior descend- 
ing coronary artery and the right coronary ar- 


tery. 


Operation 

Three separate surgical procedures have been 
used in the operative repair of this anomaly. 
Simple ligation of the right coronary artery at its 
origin from the pulmonary artery was per- 
formed in 1 patient, and no adverse effects re- 
sulted from this procedure [14]. Ligation of the 
anomalous coronary artery at its origin from the 
pulmonary artery with subsequent aortocoro- 
nary saphenous vein bypass graft to the distal 
portion of the right coronary artery was done in 
an elderly patient [6]. The subsequent post- 
operative course was uneventful. Four of the 
patients who underwent surgical correction had 
direct implantation of the anomalous right 
coronary artery along with a cuff of adjacent 
pulmonary artery into the aorta [1, 3, 18]. 


Comment 

Soloff {16] described four possible types of 
anomalous origin of the coronary arteries from 
the pulmonary artery: (1) origin cf the left coro- 
nary artery from the pulmonary artery; (2) ori- 
gin of the right coronary artery from the 
pulmonary artery; (3) origin of both coronary 
arteries from the pulmonary artery; and (4) origin 
of an accessory coronary artery from the pul- 


monary artery. 


Anomalous origin of the left coronary artery 
from the pulmonary artery is the most fre- 
quently encountered of the four types and usu- 
ally causes severe ischemia of the left ventricle 
early in infancy. If abundant anastomoses are 


present between the two coronary arteries, the 
onset of symptoms may be long delayed [20]. 

An accessory coronary artery arising from the 
pulmonary artery has been recognized in only a 
few instances and probably represents an inci- 
dental finding with no hemodynamic impor- 
tance [2]. 

Anomalous origin of both coronary arteries 
from the pulmonary artery is incompatible with 
life, and infants die within days of birth [17] as 
pulmonary vascular resistance and, therefore, 
pulmonary artery perfusion pressure fall. 

Anomalous origin of the right coronary artery 
from the pulmonary artery is the second most 
common of the four types and an increasing 
number of instances of this malformation have 
been described and recognized in recent years. 
Unlike anomalous left coronary artery, anoma- 
lous origin of the right coronary artery may 
often be an incidental finding without serious 
cardiovascular sequelae. However, in 4 of the 
17 reported patients, the lesion may have con- 
tributed to cardiac arrest or death. 

Pribble [11] believed that the lesion contrib- 
uted to the death of the patient he described. 
Angina pectoris had been a prominent symp- 
tom throughout the patient’s illness and no oc- 
clusive disease was found to account for it. 
Ischemic changes seen microscopically were 
attributed to an inadequate supply of oxygen 
by an anomalous right coronary artery to a 
myocardium heavily involved with rheumatic 
heart disease. No anastomoses between the left 
and right coronary artery were described. One 
patient had a cardiac arrest at home, and post- 
mortem examination revealed fresh thrombus 
in the single left coronary artery system [19]. 
Microscopic studies showed changes of short- 
and long-term ischemic injury. It is likely that 
shunting of blood from the left ventricular 
myocardium to the anomalous right coronary 
artery contributed to the patient’s early death. 
A second patient also was seen in cardiac arrest 
[1]. This patient was resuscitated, and no lesion 
other than an anomalous right coronary artery 
was demonstrable. Surgical repair of the anom- 
aly was successful. Our Patient 2 was seen as a 
crib death and presumed cardiac arrest. Al- 
though there may be another cause for death, it 
is difficult to overlook the only pathological 
finding of an anomalous right coronary artery. 
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Since this lesion is usually asymptomatic, the 
incidence is probably higher than that reported 
in the literature. Several of the reported patients 
were more than 50 years old and worked up to 
the time of death. Although it is doubtful that 
infantile and adult types exist, differences in 
the development of collateral circulation may 
cause the anomaly to be diagnosed or become 
evident at an earlier or later age. 

The only characteristic physical finding is a 
continuous murmur with diastolic accentua- 
tion. Tingelstad and associates [18] demon- 
strated that the murmur could be recorded by 
intracardiac phonocardiography with the mi- 
crophone placed near the bifurcation of the main 
pulmonary artery. In the patient reported by 
Burroughs and colleagues [3] a diastolic com- 
ponent to the murmur would not be expected 
since flow through the anomalous right coro- 
nary artery was antegrade because of pulmo- 
nary hypertension. The presence of a diastolic 
component to the murmur in 1 reported patient 
may be attributed to a patent ductus arteriosus 
[12]. The absence of a diastolic component to 
the murmur in 2 other patients is unexplained 
especially since shunting indicating collateral 
circulation was noted at the time of operation 
[4, 14]. The lack of a typical murmur in the sec- 
„ond patient reported by Wald and colleagues 
[19] might be explained by thrombosis of the 
left coronary artery or marginal shunting 
through collateral vessels or both these situa- 
tions. In our Patient 1, the diastolic component 
did not appear until 4 years after the systolic 
component had first been noted. This may be 
indicative of developing collaterals. Those pa- 
tients without diastolic murmurs may not have 
had large collaterals; however, the patient de- 
scribed by Rowe and Young [14], who had only 
a systolic murmur, demonstrated definite 
right-to-left shunting at operation. 

In contrast to anomalous origin of the left 
coronary artery that often shows evidence of in- 
farction or ischemia [20], anomalous right coro- 
nary artery was not associated with these 
changes. In several of the reported instances, 
the abnormal ECG findings could be attributed 
to associated acquired or congenital heart dis- 
ease. A lower wall tension in the right ventricle 
may permit adequate right ventricular myocar- 
dial blood flow and adequate nourishment de- 


spite antegrade flow of poorly oxygenated 
blood from the pulmonary artery or retrograde 
flow through the anomalous right coronary ar- 
tery [10]. Epicardial ECGs were obtained dur- 
ing the operative procedure in 1 reported pa- 
tient, and there was no evidence of ischemia in 
the region of the distribution of the anomalous 
right coronary artery when it was ligated at the 
pulmonary artery [14]. Ischemic changes would 
have been expected to occur if antegrade flow 
was present in the ligated vessel. 

The gross cardiomegaly seen in patients with 
anomalous origin of the left coronary artery 
would not be expected in an anomalous right 
coronary artery because there are differences in 
the reactions of the right and left ventricle to 
periods of prolonged low perfusion pressure 
and low oxygen saturation [10]. The cardiomeg- 
aly that was found could be attributed to other 
forms of cardiovascular disease, such as long- 
standing hypertension, aortic insufficiency, or 
arteriosclerotic vascular disease. Wald and col- 
leagues commented that in 1 of their patients 
the shunt was moderate in size and may have 
contributed, by virtue of volume overloading, 
to the left ventricular enlargement suggested on 
ECG and chest roentgenogram. In addition, 
they suggested the prominent upper left cardiac 
border was produced by the dilated proximal 
left coronary artery. Because the changes in the 
right ventricle are minimal and because the 
left-to-right shunt is usually small, there is 
normally no evidence of the coronary anomaly 
on chest roentgenogram. Diagnosis must be 
made at arteriography, operation, or postmor- 
tem examination. 

Cardiac catheterization showed normal pres- 
sures and little or no oxygen step-up in the 
pulmonary artery. In 2 patients, our Patient 1 
and a patient reported by Tingelstad and co- 
workers [18], a slight step-up in oxygen satura- 
tion was noted at the pulmonary artery level. 
Ranniger and co-workers [12] stressed the an- 
giographic appearance and claimed their pa- 
tient was the first to be diagnosed clinically. 
Cardiac catheterization alone is not helpful, and 
the diagnosis must be made by cineangiog- 
raphy. The characteristic picture of retrograde 
filling of the right coronary artery from collat- 


‘eral vessels and subsequent flow into the pul- 


monary artery is unmistakable. In 1885 Brooks 


oot alll 
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intercoronary collaterals 


Fig 3. Illustrations of findings and operation in Patient 1. 
The anomalous right coronary artery (RCA) was trans- 
ferred with a cuff of the wall of the pulmonary artery 
(PA). 


[2] suggested and Edwards [5] in 1958 affirmed 
that flow in an aberrant right coronary artery 
was toward the pulmonary artery by way of 
collaterals from the normally arising left coro- 
nary artery. Although blood flow in an anoma- 
lous left coronary artery may rarely be from the 
pulmonary artery to the anomalous left coro- 
nary, in the patients reviewed direction of 


blood flow in the anomalous right coronary ar- 


tery was always from the anomalous vessel to 
the pulmonary artery when the direction of 
flow was demonstrated by angiography or at 
operation. The metabolic requirements of the 
myocardial regions supplied by the right coro- 
nary artery are usually met but evidence of 
ischemia has been described along the course of 
the anomalous right coronary artery. 

Three patients underwent operative repair 
of the anomaly and subsequently were re- 
catheterized. Normal antegrade flow into the 
right coronary artery was demonstrated on 





cineangiograms of all 3. Persistent dilatation 
and kinking of the coronary artery were pres- 
ent. Flow through the left coronary artery and 
intercoronary collateral anastomoses had di- 
minished. 

The prognosis in this anomaly appears to be 
good. The overall incidence is probably greater 
than that recorded in the literature since it is a 
relatively asymptomatic anomaly. In those pa- 
tients surviving to adulthood, however, con- 
siderable arteriosclerosis was present in the left 
coronary artery. This may have been the cause 
of death in 1 of the patients recorded. In several 
of the other patients, pathological abnormali- 
ties including ischemia (our Patient 2 and [11, 
19]), left-to-right shunting [18, 19], heart failure 
[6], fibrosis [11], and infarcts [19] were docu- 
mented. Indications for operation may include 
the establishment of a “two coronary system,” 
the elimination of pathological abnormalities 
noted in several of the patients, and a pro- 
phylactic procedure to avoid the onset of left 
ventricular dysfunction when a single coronary 
artery system is associated with common ac- 
quired cardiovascular disease, such as ar- 
teriosclerosis, hypertension, or rheumatic heart 
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disease. In addition, there is a definite similar- 
ity between this malformation and a coronary 
arteriovenous fistula, which may cause cardiac 
failure and death at any age. 

Of the several operative approaches avail- 
able, the most promising is direct implantation 
of the anomalous right coronary artery along 
with a cuff of the pulmonary artery into the 
aorta (Fig 3). This is technically feasible since 
the right coronary artery is long enough and the 
inclusion of a cuff of pulmonary artery permits 
a large anastomosis. This type of operation does 
not necessarily require cardiopulmonary by- 
pass. The long-term patency of the direct ar- 
terial anastomosis is probably higher than 
that of a venous graft. 


References 


1. Bregman D, Brennan F, Singer A, et al: Anoma- 
lous origin of the right coronary artery from the 
pulmonary artery. J Thorac Cardiovasc Surg 
72:626, 1976 

2. Brooks H St J: Two cases of an abnormal coronary 
artery of the heart arising from the pulmonary 
artery. J Anat Physiol 20:26, 1885 

3. Burroughs JT, Schmutzer KJ, Linder F, et al: 
Anomalous origin of the right coronary artery 
with aortico-pulmonary window and ventricular 
septal defect. J Cardiovasc Surg 3:142, 1962. 

4. Cronk ES, Sinclair JG, Rigdon RH: An anoma- 
lous coronary artery arising from the pulmonary 
artery. Am Heart J 42:906, 1951 

5. Edwards JE: Anomalous coronary arteries with 
special reference to arteriovenous-like com- 
munications (editorial). Circulation 17:1001, 1958 

6. Eugster GS, Oliva PB: Anomalous origin of the 
right coronary artery from the pulmonary artery. 
Chest 63:294, 1973 ) 


11. 


12; 


13. 


14. 


I5: 


16. 


17: 


18. 


19; 


20. 


. Jordan RA, Dry TJ, Edwards JE: Anomalous ori- 


gin of the right coronary artery from the pulmo- 
nary trunk. Mayo Clin Proc 25:673, 1950 


. Monckeberg JG: Uber eine seltene anomalie des 


koronararterienabgangs. Zentralbl Herz Gefasskr 
6:441, 1914 


. Neches WH, Mathews RA, Park SC, et al: Anom- 


alous origin of the left coronary artery from the 
pulmonary artery. Circulation 50:582, 1974 


. Ogden JA: Secondary coronary artery fistulas. J 


Pediatr 78:78, 1971 

Pribble RH: Anatomic variations of the coronary 
arteries and their clinical significance. J Indiana 
State Med Assoc 54:329, 1961 

Ranniger K, Thilenius OG, Cassels DE: Angio- 
graphic diagnosis of an anomalous right coronary 
artery arising from the pulmonary artery. 
Radiology 88:29, 1967 

Rhantigan RM, de la Torre A: Anomalous origin 
of the right coronary artery. Vasc Surg 5:196, 1971 
Rowe GG, Young WP: Anomalous origin of the 
coronary arteries with special reference to surgi- 
cal treatment. J Thorac Cardiovasc Surg 39:777, 
1960 

Schley J: Abnormer ursprung der rechten kranz- 
arterie aus de pulmonalis bei einem 61 jahrigen 
mann. Frankfurt Z Pathol 32:1, 1925 

Soloff LA: Anomalous coronary arteries arising 
from tne pulmonary artery. Am Heart J 24:118, 
1942 

Tedschi CG, Helbern MM: Heterotopic origin of 
both coronary arteries from the pulmonary ar- 
tery. Pediatrics 14:53, 1954 

Tingelstad JB, Lower RR, Eldredge WJ: Anoma- 
lous origin of the right coronary artery from the 
main pulmonary artery. Am J Cardiol 30:670, 
1972 

Wald S, Stonecipher K, Baldwin BJ, et al: Anoma- 
lous origin of the right coronary artery from the 
pulmonary artery. Am J Cardiol 27:677, 1971 
Wesselhoeft H, Fawcett JS, Johnson AL: Anoma- 
lous origin of the left coronary artery from the 
pulmonary trunk. Circulation 38:403, 1968 


CORRESPONDENCE 


Carpentier Rings and 
Tricuspid Insufficiency 


To the Editor: 


We enjoyed Dr. Meyer and Dr. Bircks’ paper, “Pre- 
dictable Correction of Tricuspid Insufficiency by 
Semicircular Annuloplasty” (Ann Thorac Surg 23:574, 
1977). The authors pointed out the lack of predictabil- 
ity associated with semicircular suture techniques for 
tricuspid annuloplasty by reporting 3 moderate and 2 
moderate to severe cases of residual insufficiency in a 
series of 10 patients catheterized after operation. 
Using semicircular suture techniques or annulus pli- 
cation of the tricuspid annulus at our institution, we 
also have found a high incidence of either residual 
tricuspid insufficiency or iatrogenic stenosis due to 
overcorrection. 

To overcome these problems, Dr. Meyer and Dr. 
Bircks proposed measuring the semicircular suture 
with obturators similar in size and shape to those we 
developed for remodeling the tricuspid annulus with 
prosthetic rings. Their goal was “to combine the ad- 
vantages of both Carpentier’s tricuspid ring and the 
semicircular annuloplasty.” Using this composite ap- 
proach, the optimal circumference of a normally re- 
shaped annulus can be determined accurately. Once 
the obturator is removed, however, the orifice be- 
comes semicircular, and for purely geometric reasons 
the leaflets lose their normal approximation, as can 
easily be demonstrated on a normal tricuspid orifice 
subjected to a semicircular deformity (Figure). This is 
why semicircular sutures, like other techniques that 
do not restore the normal shape of the annulus, re- 
quire overcorrection of the annular dilatation if the 
insufficiency is to be completely corrected. 

Semicircular sutures have another drawback: they 
do not concentrate the plications of the annulus where 
the dilatation is predominant—that is, at the commis- 
sures. Plications involve the entire annulus and 
cause infolding of the leaflets, impairing long-term 
function. 

With these two drawbacks in mind, we ask this 
question: if the proper obturators are to be used, why 
not also use the corresponding prosthetic rings? An- 
nulus remodeling with prosthetic rings is the only 
technique that restores not only the normal circumfer- 
ence but also the normal ovoid shape and the normal 
ratio between the orifice area and the surface area of 
the three leaflets. 

Dr. Meyer and Dr. Bircks did not provide an an- 
swer to this question, but they could have raised the 
following three objections to the use of prosthetic 
rings: (1) the rings have a rigid structure; (2) they 
could cause possible damage to the bundle of His; 
and (3) their use means putting a foreign material 
within the heart. The current model of prosthetic 
ring was developed three years ago to circumvent 
these objections [1, 2]. The ring is flexible, and a 
large opening at the anteroseptal commissure and 


A 


A B' 


The ovoid shape of the normal tricuspid orifice allows op- 
timal apposition of the leaflets (above). Changing the 
orifice of the normal tricuspid valve into a semicircular 
configuration by peripheral tractions (arrows) brings 
about valvular insufficiency (below). Circumference 
A'B'C’A' is equal to ABCA. 


septal leaflet prevents lesions of the bundle of His 
and makes the implantation of the ring easier than 
the completion of a semicircular suture. With regard 
to the third objection, semicircular sutures also use 
foreign materials since two pledgets of Teflon are 
necessary. Actually, the prosthetic rings are 
promptly and completely incorporated so that after 
three months no foreign material is in contact with 
the blood. 

In a series of 125 cases of tricuspid valve remodeling 
using the flexible ring performed within the last three 
years, we have not seen any atrioventricular block or 
any major residual insufficiency or stenosis in severe 
tricuspid insufficiency as evaluated clinically and by 
postoperative intracardiac investigations [3, 4]. With 
the current flexible tricuspid ring, the surgeon has the 
advantage of a measured, simple, fast, reliable, and 
physiological technique of annuloplasty precisely 
adapted to each patient. 

We congratulate Dr. Meyer and Dr. Bircks on their 
paper and commend them particularly for pointing 
out that postoperative catheterization and angiog- 
raphy are the only criteria allowing comparison be- 
tween various techniques of valve reconstruction. 


Alain Carpentier, M.D. 
John Relland, M.D. 


Clinique de Chirurgie Cardio-Vasculaire 
Hôpital Broussais 

96, rue Didot 

75014 Paris, France 
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Pulmonary Embolectomy 


To the Editor: 

In reference to Dr. John M. Moran’s interesting arti- 
cle on Vena cava interruption after pulmonary em- 
bolectomy (Ann Thorac Surg 25:248, 1978), certainly 
the necessity for inferior vena cava interruption after 
embolectomy is well recognized. 


In our 4 most recent patients who underwent pul- 
monary embolectomy for life-threatening deteriora- 
tion of hemodynamic status, we elected to insert a 
Mobin-Uddin umbrella through one of the purse- 
string sutures in the right atrium after cessation of 
cardiopulmonary bypass. The transatrial insertion of 
this umbrella is tolerated quite well by the patient 
after the cessation of bypass. This approach negates 
the need i> increase the operative morbidity by a 
transperitcneal approach and has the additional ad- 
vantage of Deing readily accessible for repeat institu- 
tion of cardiopulmonary bypass should dislodging of 
retained thrombus in the inferior vena cava occur 
during insertion of the umbrella. We have been well 
pleased with this technique and have experienced no 
problem w:th manipulating the Mobin-Uddin um- 
brella through the pursestring suture. One technical 
asset has been the utilization of multiple Teflon 
pledgets when the atrial appendage pursestring su- 
ture is made initially. This reduces bleeding from an 
accidental tear in the atrium, which I think is a po- 
tential haza-d. 


Ronald V. Pellegrini, M.D. 


Southwestern Health Center 
500: Lewis Ran Rd 
Pittsburgh, FA 15236 


REVIEW OF RECENT BOOKS 


A Diagnostic Approach to Chest Diseases (2nd ed) 
Edited by Glen Lillington, M.D., and Robert Jamplis, 
M.D. 

Baltimore, The Williams & Wilkins Company, 1977 
608 pp, illustrated, $54.00 


Reviewed by Thomas L. Petty, M.D. 


The establishment of clinical diagnosis in pulmonary 
medicine is fundamental to formulating an effective 
plan of therapy and is necessary to evaluate a prog- 
nosis. Today a massive armamentarium exists, and 
new diagnostic techniques are added steadily to the 
established approaches, which include a careful his- 
tory, physical examination, and chest roentgenog- 
raphy. The chest roentgenogram remains a major 
“diagnostic window” offering clues to the nature of 
both symptomatic and asymptomatic pulmonary 
diseases. 

An excellent approach to pulmonary diagnosis is 
offered by Lillington and Jamplis. It is based on the 
extensive experience of an internist and a surgeon 
whose combined expertise is frequently required in 
order to establish a difficult diagnosis. That the his- 
tory is ‘‘of somewhat less value in the study of chest 
disease than in most other areas of medicine” (p 3) is 
emphatically wrong in the opinion of this reviewer, 
however. It is, in fact, very likely the most important 
aspect of diagnostic pulmonary medicine and more 
important than any other technique we have at our 
disposal; including all of the techniques discussed in 
the book. 

The excellent organization encompasses four sec- 
tions. The first constitutes a brief review of the his- 
tory and physical examination along with roent- 
genographic, radioisotopic, and other laboratory 
diagnostic procedures. The second section presents 
an outline of roentgenographic patterns with ex- 
cellent reproductions of the major patterns. Section 
3 comprises more than half of the book. It details the 
differential diagnostic approach to each of the spe- 
cific roentgenographic patterns presented in the sec- 
ond section. In this section the authors place proper 
emphasis on a stepwise approach beginning with the 
history, physical examination, roentgenograms, an- 
cillary diagnostic procedures, and at times biopsy 
procedures, among them open thoracotomy in se- 
lected instances. The fourth section deals with the 
differential diagnosis of additional pulmonary diag- 
nostic problems including the major pulmonary 
symptoms (hemoptysis, cough, and dyspnea), 
problems of the compromised host, and the broad 
subject of acute respiratory failure. 

This second edition is well written, beautifully il- 
lustrated, nicely bound, full of facts, and extensively 
detailed. The limited references, which are not cited 
in the text, are given at the end of each chapter. They 


~ are well selected, and some are as recent as 1976. At 


$54.00 a copy, however, one must consider the cost- 
benefit of owning such a text. It is too detailed and 
sometimes filled with excessive minutiae for the be- 
ginning student of pulmonary medicine. It can be 
recommended with considerable enthusiasm to seri- 
ous students of this branch of medicine, particularly 
those interested in diagnosis with emphasis on 
roentgenographic patterns. 


Denver, CO 


Applied Physiology of Respiratory Care 

By John Hedley-Whyte, M.D., George E. Burgess, HI, 
M.D., Thomas W. Feeley, M.D., and Malcolm G. 
Miller, M.B., Ch.B. 

Boston, Little, Brown and Company, 1976 

552 pp, illustrated, $25.00 


Reviewed by Peter V. Moulder, M.D. 


This is a useful book for house staff and surgeons in 
any field of surgery. Overall, descriptions of the sys- 
tems are quite good and form a framework for further 
development, especially if the references are utilized. 
It is useful even in areas where one is in disagree- 
ment. An important theme is that anesthesiologists 
or intensive care specialists or respiratory therapists 
are “in charge” of and accept (i.e., assume) consider- 
able responsibility for a variety of patients and for 
many elements in the care of these patients; thus the 
book is important for thoracic and cardiovascular 
surgeons. 

There are inconsistencies, but this is not unusual 
for a text attempting to cover everything. Some sec- 
tions, such as those on trauma and drowning, are 
compendiums of standard published data; others, 
like that on obstetrics and gynecology, are given cur- 
sory treatment and are filled with case reports; and a 
few are unbalanced—a surprise in the cardiac sec- 
tion. In those areas in which the authors have per- 
sonal experience, and they do report data in detail 
from their work, the book is excellent: for example, 
the discussions on nosocomial infections, sepsis, 
preventive care, and poisons. There are a few sur- 
prises. Little material is presented on weaning from a 
respirator and on the relationship of cardiac drugs to 
respiratory functions, and there is only ashort dispo- 
sition on positive end-expiratory pressure. The over- 
all impact of the book as state of the art and source for 
specifics is high. It is a good text, but I do not expect 
it to become a classic or even a long-lasting volumes in 
a field that awaits such a tome. 


Gainesville, FL 
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Respiratory Intensive Care 

Edited by Robert M. Rogers, M.D. 
Springfield, IL, Charles C Thomas, 1977 
425 pages, $29.50 


Reviewed bu Robert W. Carton, M.D. 


To surgeons trained before 1970, the techniques, 
concepts, and vocabulary of respiratory intensive 
care are frequently bewildering. Even those surgeons 
trained more recently or house officers now in train- 
ing could be helped by a guide to the complexities of 
this field. Dr. Robert M. Rogers, chief of the pulmo- 
nary section of the University of Oklahoma, offers 
such a manual in this collection of essays by con- 
tributing authors on the analysis and treatment of the 
patient in respiratory failure. A number of the chap- 
ters appeared in a special issue of CHEST on respi- 
ratory intensive care published in August, 1972. 
Those chapters and others written for this collection 
give a reasonably complete picture of the manage- 
ment of the moderately or seriously ill patient with 
respiratory failure. 

Difficult subjects such as hypercapnia and hypo- 
capnia, acid-base balance, and the physiology and 
management of hypoxia are attacked in crisp, 
clear discussions. The beautiful diagrams in a chap- 


ter on oxygen transport by Dr. Klocke will aid the 
uninitiated in understanding this field. 

Many find working with ventilators confusing. 
There is ¢ good, full description of ventilator man- 
agement, including a chapter on positive end- 
expiratory pressure. Reading this section of the book 
should clerify the use of respirators considerably, 
particularly for anyone who at 2:00 a.m. and alone, 
has wondered how to set the dials on a MA-1. 

For surgeons, the chapter on pulmonary complica- 
tions of general surgery by Dr. Pierce should be use- 
ful, although the concepts of diffuse microatelectasis 
and of increased closing volume in the perioperative 
period (both of which are stressed) are not particularly 
new. There are good sections on setting up a respi- - 
ratory intensive care unit and on two procedures (fi- 
beroptic bronchoscopy and bronchopulmonary la- 
vage) used in some patients with failure of gas ex- 
change. 

As in any multi-authored book, there is some pad- 
ding and overlap. The proportion here, however, is 
acceptably low. 

In general, Respiratory Intensive Care can be rec- 
ommended as an accurate, clear, and sensible intro- 
duction to tne subject. 


Chicago, IL 


CONTINUING EDUCATION 


Meetings in North America, January-June, 1979 
January First International Congress on Cardiovascular Surgery and Diseases, Las Vegas, NV, 
Jan 14-19 
Á Contact: Rutledge Howard, M.D., Director of CME, ASCMS, 6 N Michigan Ave, 
Chicago, IL 60626 


Gina 


Horizons in Surgery (postgraduate course), Vail, CO, Jan 14-19 
Contact: Office of Postgraduate Medical Education, University of Colorado School of 
Medicine, 4200 E Ninth Ave, Denver, CO 80262 


The Society of Thoracic Surgeons, Phoenix, AZ, Jan 16—17 
Contact: The Society of Thoracic Surgeons, 111 E Wacker Dr, Chicago, IL 60601 


March American College of Cardiology, Miami Beach, FL, March 11-15 
Contact: W. D. Nelligan, 9111 Old Georgetown Rd, Bethesda, MD 20014 


Southeastern Surgical Congress, Bel Harbour, FL, March 18-22 
fi Contact: A. H. Letton, M.D., 315 Boulevard NE, Suite 500, Atlanta, GA 30312 


i April American College of Surgeons, Denver, CO, April 2-5 
Contact: E. Gerrish, M.D., 55 E Erie St, Chicago, IL 60611 


American Broncho-Esophagological Association, Los Angeles, CA, April 3—4 
Contact: L. W. Pratt, M.D., 37 Lawrence Ave, Fairfield, ME 04937 


Southwestern Surgical Congress, Las Vegas, NV, April 23-26 
Contact: J. A. Barney, M.D., 708 Physicians and Surgeons Bldg, Oklahoma City, OK 
73103 


American Association for Thoracic Surgery, Boston, MA, April 30-May 2 
Contact: W. T. Maloney, 6 Beacon St, Suite 620, Boston, MA 02108 


May American Lung Association, Las Vegas, NV, May 13-16 
Contact: C. R. Kiesewetter, 1740 Broadway, New York, NY 10019 


American Thoracic Society, Las Vegas, NV, May 13-16 
Contact: S. R. lannotta, 1740 Broadway, New York, NY 10019 


Meetings Outside North America, January—June, 1979 

March American College of Surgeons Joint Meeting with Royal College of Surgeons of England, 
London, England, March 11-14 
Contact: E. W. Gerrish, M.D., American College of Surgeons, 55 E Erie St, Chicago, IL 
60611 


International College of Surgeons Western Hemisphere Congress (Tenth), Buenos Aires, 
Argentina, March 12-19 . 
Contact: Prof O. Blanchard, Montevideo 1837, Buenos Aires, Argentina 


June Fleischner Society Annual Symposium on the Chest, Stockholm, Sweden, June 11-13 


Contact: Prof B. Nordenstr6m, Dept of Radiology, Karolinska Hospital, Stockholm, 
fos Sweden 
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1978 Meeting 


Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association was held at 
the Marco Beach Hotel, Marco Island, FL, Nov 


2—4, 1978. The President was Robert E. Carr, > 


M.D., of Forth Worth, TX. Officers elected for 
the coming year are: President, Harold C. 
Urschel, M.D.; President-Elect, W. Glenn 
Young, Jr., M.D., and Vice President, William 
W. Logan, Jr., M.D. 

The following twenty-five applicants were 
elected to membership. 


Avery, Joel E. Hernandez, Victor Moore, Charles Henry, III 


Chattanooga, TN 


Britt, Clarence I. 
Tulsa, OK 


Caudill, Darrell R. 
Atlanta, GA 


Daniel, Thomas Moore 
Richmond, VA 


Flye, M. Wayne 
Bethesda, MD 


Furst, Alex Julian 
Miami, FL 


Hall, Emmett R., Jr. 
Memphis, TN 


Shreveport, LA 


Itkin, E. Louis 
Lithia Springs, GA 


Knauf, Daniel Glen 
Lackland AFB, TX 


Levy, Arthur J. 
Atlanta, GA 


McHale, James J., Jr. 
Fairfax, VA 


Mills, Mitcheil 
Washington, DC 


Mistrot, J. Jacques 
Lubbock, TX 


Beaumont, TX 


O’Malley, Geoffrey A. 
Tallahassee, FL 


Painter, Max W 
Memphis, TN 


Parker, Thomas M. 
Lubbock, TX 


Rodgers, Bradley M. 
Gainesville, FL 


Sade, Robert M. 
Charleston, SC 


Shearin, Robert P. N. 
Memphis, TN 


Elevated to Senior Membership were Edmund 
Taylor, John E. Rayl, Ralph Deaton, and John 
Foster. Deceased members include Orin But- 
terick, Duane Carr, and John H. Kehne. 

The President’s Award for the best scientific 
paper given at the 1977 meeting was presented 
to Denis H. Tyras, M.D., of St. Louis, MO. __ 

The 1979 meeting will be held at the Hilton 
Palacio Del Rio Hotel, San Antonio, TX, on Nov 
1-3. Chairman of the Program Committee will 
be Richard E. Clark, M.D.; Chairman of the 
Membership Committee, Thomas O. Gentsch, 
M.D.; and Chairman of the Meeting Site Selec- 


tion Committee, Richard King, M.D. William - 


Stanford, M.D., will be in charge of Local Ar- 
rangements. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 
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Todd, Edward P. J. 
Lexington, KY 


Tyras, Denis H. 
St. Louis, MO 


Yarbrough, John Ward 
Greensboro, NC 


Zeok, John V. 
Lexington, KY 
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Guglielmo Marconi foresaw an end to the silence 
of the airwaves, and the lifeline of wireless 
communication was born 


Intermedics is on the same wavelength 
with another breakthrough in pacemaker technology 





CyberLith: 


The multi-programmable pacemaker 
with telemetry. 


By developing wireless technology, Marconi paved the way 
for the modern electronic achievement known as telemetry, 
Intermedics has applied this achievement to cardiac 
dacemaker technology. It is available in the CyberLith. 


Basin Telemetry allows you to non- 


invasively monitor and clini- 
cally evaluate the functioning 
of the multi-programmable 
CyberLith pacing system. 





CyberLith 


Multi-Programmable ff This monitoring capability, 
C-MOS Model 253-01 |f] and the therapeutic flexibility 
of the CyberLith, combine to 

Intermedics Inc provide the most complete 


FREEPORT, TEXAS 


pacing system available. 
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fteen Pacing Rates 
ogrammable pacing rates, from 30 to 120 ppm, offer 


u maximum versatility in meeting the changing needs 
your patients. 


fteen Pulse Widths 
choice of pulse widths from 0.15 to 2.29 msec assures 
ective pacing for each patient. 
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Precise sensitivity adjustments are possible to respond to 
varying clinical situations. 

Three Pacing Modes 

You may choose the mode best suited to your patient’s 
condition and environment without the need for 
surgical intervention. The modes available are: 

R-wave inhibited (demand)—asynchronous (fixed 

rate )—R-wave synchronous (demand), 
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~ommunication 
CyberLith telemetry makes 
possible more accurate esti- 
mation of the pacemaker’s 
remaining service life. 
Battery voltage, battery 
impedance, electrode lead 
impedance, and exact 


timing of sensing and pacing events can all be determined 
for detailed evaluation. 


ali-oare I roeTram mung 

A battery powered (rechargeable) portable Programmer 
gives you the flexibility to alter the CyberLith’s pro- 
grammable features individually or simultaneously. In 








addition, the Programmer’s design makes accidental 
reprogramming virtually impossible. And instantaneous 
reprogramming to original nominal pacer parameters 
can be accomplished by depressing a single button. 
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The CvberLith is making History. INow. 
Please contact your Intermedics representative for more 
complete information on the many advantages of 
CyberLith therapeutic pacing. At Intermedics, we are 


producing tomorrow's technology today, because 


OUR BUSINESS IS LIFE. 
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from Intermed nc. 

The Guglielmo Marconi original water color shown on 
the first page of this ad is the second in a series commis- 
sioned by Intermedics. A limited-edition print, num- 
bered and signed by artist Ron Adair, is being made 
available by Intermedics to physicians only. To obtain 
your print please write to Marketing Administration, 


Intermedics, Inc., PO. Box 617, Freeport, Texas 77541. 


Note: 
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The CyberLith is currently undergoing clinical evaluation and is not routinely available 


on a commercial basis. 


©Intermedics, Inc., November, 1978 


CyberLith is a trademark of Intermedics, Inc. 


INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and relatively 
widely variable service life as a result of factors such as the initial capacity 
of the battery and the shelf storage time of the manufactured pacemaker; 
variations in electrode system resistances, stimulation rate, and the per- 
centage of time the implanted pacemaker is inhibited; and random elec- 
tronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pacemake! 
system to damage the pulse generator. Specifically, diathermy should not 
be used on pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the pacemake 
as well as cause burns or possible ventricular fibrillation; defibrillation can 
damage the pacemaker, and the presence of the pacemaker may cause in- 
creased cardiac muscle damage from defibrillation. Microwave ovens tha 
do not exceed federal guidelines for leakage (0.5 mW/cm* at 2.5 cm fron 
the appliance) will not affect the pacemaker, but leakage in excess of that 
amount may cause interference. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted cardiac pacemaker 
system. 

For complete precautions, see the Physician's Manual for the Inter- 
medics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 


known contraindications to the use of pacemakers as a medical method 


for control of heart rate. Body rejection phenomena, | cal tissue 
reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


Wr Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 


Our business is life. 





CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7079 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 32, ABS and ABTS 
certification, completing additional fellowship in car- 
diovascular surgery, FLEX, seeks association in group or 
partnership. 


Please respond to W-57, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
a 
Thoracic and cardiovascular surgeon, 34, married, ABS and 
ABTS certified, seeks position with group or association 
leading to partnership. Broad experience in cardiovascular 
and general thoracic surgery. Location flexible. Available 
July 1979. 


Please respond to W-136, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
i—i aaa 
Board-certified, university-trained thoracic surgeon, 35, 
seeking to relocate. Two years’ experience in private prac- 
tice. Position with active cardiovascular surgery practice 
desired. Available immediately. 


Please respond to W-137, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
n 
Cardiovascular and thoracic surgeon, 32, seeks position 
with cardiothoracic group or association leading to partner- 
ship. University trained in general and vascular surgery at 
well-known Ivy League institution; completing two-year 
Board-certified cardiothoracic residency at major East Coast 
university hospital. No geographic preference. 


Please respond to W-138, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

a 
Cardiovascular and thoracic surgeon, 36, seeks position 
with group or association leading to partnership. ABS and 
ABTS certified; extensive training and experience in all as- 
pects of cardiac, thoracic, and vascular surgery, IABP, and 
postoperative hemodynamic monitoring. Available De- 
cember 1978; all geographic locations considered. 


Please respond to W-139, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


A-42 


eee 
Cardiovascular and thoracic surgeon, 31, married, ABTS 
eligible, university trained, completing Berry Plan military 
obligation June 1979, seeks association in group practice 
leading to partnership. Broad experience in cardiac, vascu- 
lar, and thoracic surgery. Locale flexible, although prefer 
East or West Coast. 


Please respond to W-140, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
a gg 
Cardiothoracic and vascular surgeon completing university 
training in July 1979, particularly interested in pediatric ex- 
perience. Well trained in pediatric, adult cardiac, thoracic, 
and vascular surgery. ABS certified, ABTS candidate. Prefer 
Northeast. 


Please respond to W-141, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ee 
Young, hardworking surgeon wishes to change current 
training program in thoracic and cardiovascular surgery for 
personal reasons. Strong references, modest bibliography. 
Willing to work additional period of time as Fellow until 
approved residency position begins. 


Please respond to W-142, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
$$ 
Cardiovascular and thoracic surgeon, FRCS (England and 
Edinburgh), 51, seeks academic position, group practice, or 
partnership. Experience in all aspects of cardiovascular, 
pulmonary, and esophageal surgery. Currently Professor 
and Chief at Category | English-language medical school 
Overseas, immigrating to U.S. No geographic preference; 
available immediately. 


Please respond to W-143, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
Stine a EE ALS EES AEE a 
Cardiovascular and thoracic surgeon, 34, Cleveland Clinic 
trained, ABTS eligible, National Boards, military obliga- 
tion completed. Extensive experience in cardiovascular, 
thoracic, and vascular surgery, as well as cardiovascular in- 
tensive care. 


Please respond to W-144, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor MI 48109. 

n ee Se ee eee 
Cardiothoracic surgeon, 38, ABTS certified, presently on 
university faculty, desires relocation with group or associa- 
tion leading to partnership. Seeking both cardiac and 
thoracic surgical practice in northeastern or southeastern 
U.S. Availability flexible. 


Please respond to W-145, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
inners es 
Cardiovascular and thoracic surgeon, 33, ABS and ABTS 
certified, university trained. Experience includes peripheral 
vascular surgery. Flexible in type of practice. 


Please respond to W-146, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, university 
trained, seeks possible position in group or partnership. 
Special interest in adult cardiac surgery. Available July 
1979. No geographic preference. 


Please respond to W-147, The Annals of Thoracic Surgefy, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ee 


ma~ 


es 
Thoracic and cardiovascular surgeon, 37, ABS and ABTS 
certified, seeks group association/partnership. Experience 
in coronary artery, thoracic, and vascular surgery and 
trauma. 


Please respond to W-148, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
aan 
Cardiothoracic surgeon, 37, with excellent training includ- 
ing additional cardiovascular fellowship, seeks relocation 
into private practice along East Coast. Extensive experience 
with adult and congenital cardiac surgery in large univer- 
sity program. Letters of reference available. 


Please respond to W-149, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
RR ne ÁÁ 
Mature, certified, university-trained cardiothoracic and 
vascular surgeon with thirteen years of private practice ex- 
perience wishes to relocate. Seeks association in group 
practice or partnership. Curriculum vitae and bibliography 
available on request. 


Please respond to W-150, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
A 
Cardiovascular and thoracic surgeon, 31, university trained 
in all aspects of adult and congenital cardiac and thoracic 
surgery, seeks position with group or association in the 
central Atlantic states. 


Please respond to W-151, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor MI 48109. 

E ee ee 
Cardiothoracic surgeon, 35, ABS certified, thoracic surgical 
residency completed, seeks position in Midwest or West in 
solo or group practice, leading to partnership. Presently 
finishing fellowship in cardiovascular surgery, one year of 
practice in general and cardiovascular surgery. 


Please respond to A. Olivier, M.D., 245-27 76th Ave, 
Bellerose, NY 11426; tel: (212) 343-8292. 
See 
Cardiovascular and thoracic surgeon, 32, married, seeks 
group position doing cardiac, thoracic, and vascular sur- 
gery. Congenital and adult experience, ABS certified, ABTS 
eligible. University training will finish June, 1979. Avail- 
able July 1, 1979. Southeast desired. 


Please respond to W-153, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ee ae 
Thoracic and cardiovascular surgeon, 46, retiring from mil- 
itary, wishes to practice thoracic surgery with group or in 
partnership. Currently chairman of residency training pro- 
gram. ABS and ABTS certified. Available summer, 1979. No 
geographic preference. 


Please respond to W-154, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
LS ee Es ae 
Thoracic and cardiovascular surgeon, 33, seeks position in 
small group, preferably one other surgeon. Trained in 
midwestern university; experience in adult and pediatric 
thoracic and cardiovascular surgery. Prefers Southeast but 
will consider all locations. Available July, 1979. 


Please respond to W-155, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


eT 


A-43 


ee lý 
Cardiovascular and thoracic surgeon, 37, ABS and ABTS 
certified, FACS, seeks association with group or partner in 
active cardiac surgery practice. Presently in active solo car- 
diac and thoracic surgical practice. 


Please respond to W-156, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 38, ABS certified, 
completing residency in June, 1979, at university center, 
seeks position with group in private or academic practice. 
Excellent training in adult and pediatric cardiac surgery 
with special experience in thoracic surgery. No geographic 
preference. Available July, 1979. 


Please respond to W-157, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ee 
Cardiovascular and thoracic surgical resident, 32, married, 
finishing university training in Houston, seeks private 
practice, association/partnership with active cardiothoracic 
group or academic appointment in New England or Middle 
Atlantic states. ABS certified. Curriculum vitae available 
upon request. 


Please respond to L. Von Koch, Cora and Webb Mading 
Department of Surgery, Texas Medical Center, Houston, 
TX 77030. 

L ne 
Thoracic and cardiovascular surgeon, trained in both adult 
and pediatric cardiac surgery, seeks opportunity to practice 
specialty. Available July, 1979. 


Please respond to W-159, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
Te ee 
Thoracic and cardiovascular surgeon, 32, strong university 
background, ABS certified, ABTS eligible, desires associa- 
tion with group on East Coast. Primarily interested in 
thoracic and peripheral vascular surgery. Available July, 
1979. 


Please respond to W-160, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 34, university trained 
in all aspects of cardiovascular and thoracic surgery desires 
association leading to partnership with private group. ABS 
certified, ABTS eligible. Completing training June, 1979, 
Rush-Presbyterian-St. Luke’s. Prefers West Coast but will 
consider other locations. 


Please respond to W-161, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


ne LEE 


SITUATIONS AVAILABLE 


a 


Thoracic and vascular surgeon, Board certified or eligible, 
wanted by group in southeast Florida. Practice limited to 
thoracic and major arterial surgery with vascular laboratory 
facility. 


Please respond to A-79, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





ČO 
Board-certified thoracic and cardiovascular surgeon wanted 
immediately as associate in South Central Midwestern 
practice limited to general thoracic and major arterial vas- 
cular surgery. Prefer native of South Central Midwest 
trained in same area. Salary negotiable. 


Please respond to A-80, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

a 
Cardiovascular surgeon with well-developed clinical skills 
and demonstrated competence in laboratory and clinical in- 
vestigation wanted. Prefer background and interest in de- 
velopment and evaluation of assisted circulation methods. 


Send curriculum vitae to A-81, The Annals of Thoracic Sur- 
gery, C-7079 University Hospital, Ann Arbor, MI 48109. 

CA 
Thoracic and vascular surgeon wanted immediately to join 
busy private practice in suburban New York. No cardiac 
surgery. Applicant must be ABTS eligible or certified. 


Please respond to A-82, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
R 
Thoracic and cardiovascular surgeon wanted to join two- 
man group in busy, university-affiliated practice in Mid- 
west. Limited to cardiac, thoracic, and vascular surgery. 
Board eligibility or certification required. Prefer applicant 
who has recently completed residency. 


Please send curriculum vitae to A-83, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 
k 
Assistant or associate professor of cardiothoracic surgery 
wanted at University of Washington School of Medicine. 
Candidates must have outstanding clinical skills in con- 
genital heart surgery and strong academic interest in 
teaching and research. 


Send curriculum vitae and three references to D. W. Miller, 
M.D., Department of Surgery (RF-25), University of Wash- 
ington, Seattle, WA 98195. 





Thoracic and cardiovascular surgeon, Board eligible or cer- 
tified, wanted by group in eastern US. Practice limited to 
thoracic, cardiac, and vascular surgery. 


Please submit curriculum vitae and bibliography before we 
arrange personal interview to A-85, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 
ET seen seem 
Position available for assistant professor of cardiothoracic 
surgery at Southwestern Medical School. Must be Board 
eligible in thoracic surgery and sufficiently experienced to 
operate independently with resident staff. Research op- 
portunities available. Equal opportunity employer. 


Please submit curriculum vitae to Melvin R. Platt, M.D., 
Chairman, Division of Cardio-Thoracic Surgery, 5323 Harry 
Hines Blvd, Dallas, TX 75235. 





Perfusionist, extracorporeal circulation, wanted. Excellent 
opportunity for experienced pump-oxygenator technician 
in beginning clinical program of open-heart surgery. 


Please respond to J. L. Hamman, M.D., Trover Clinic, 
Clinic Drive, Madisonville, KY 42431; tel: (502) 821-7171, 
ext 323. 





A-44 


ee 


Fellowship in thoracic and cardiovascular surgery available 
1979. 


Please respond to Drs. Urschel and Razzuk, Baylor Univer- 
sity Medical Center, 3500 Gaston Ave, Dallas, TX 75246; 
tel: (214) 824-2503. 
eee 
Thoracic surgeon, Board eligible or certified, wanted to join 
an established thoracic surgeon in the Boston area. 


Please respond to A-89, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
eS 
Fully approved cardiothoracic surgery residency available 
July 1, 1979. Well-rounded training program including all 
aspects of thoracic surgery. 


Please respond to A-90, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
eT 
Cardiovascular-thoracic surgeon seeking associate to begin 
as soon as possible. Growing practice in greater Kansas 
City, MO area. 


Send reference letters with initial correspondence to Joanne 
Mehmert, Office Manager, Westowne IV Suite 205, Liberty, 
MO 64048. 
re 
Fellowship in cardiac surgery available July 1, 1979. Ap- 
proximately 300 open-heart procedures per year, predomi- 
nantly coronary bypass surgery. 


Please respond to George E. Green, M.D., 1090 Amsterdam 
Ave, New York, NY 10025. 





Thoracic and cardiovascular surgeon, Board certified or 
eligible, wanted to join active private cardiovascular and 
thoracic group in southwestern US. 


Please respond to A-93, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
EEE ee ee eee 
Cardiovascular and thoracic surgeon wanted. One- or 
two-year fellowship in adult and pediatric cardiac surgery. 
Strong clinical program in assisted circulation. Excellent 
benefits. 
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This is the Bentley Spiraflo BOS-10 
Disposable Oxygenator...a signifi- 
cant breakthrough in oxygenating 
system technology. A unique design 
which combines exceptional per- 
formance, simplicity, safety and 
convenience. 
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“unidirectional flow” bubble oxy- 
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all vertical resistance to the venous 
return. 
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venous side heat exchanger con- 
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convoluted tubular metal, circularly 
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running counter-current to blood 
flow for optimum heat exchange. 


LOWEST DYNAMIC PRIMING 
VOLUME The system’s unidirec- 
tional flow, heat exchanger con- 
figuration and reservoir design 
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dynamic priming volume available. 
The BOS-10 also allows for a shorter 
venous and cardiotomy return line. 


LARGE ARTERIAL RESERVOIR 
The Spiraflo BOS-10 Oxygenator 
will function with up to 3 liters of 
blood in the reservoir. This injection- 
molded housing of clear polycar- 
bonate is totally seamless. 


in addition to these patient-oriented 
benefits, the Spiraflo BOS-10 con- 
tains a separate initial blood/gas 
mixing chamber. This chamber 
provides a uniform mixture of 
blood and gas bubbles to the gentle 
mixing heat exchanger section. 
This minimizes blood trauma and 
provides adequate oxygenation 
with a gas to blood flow ratio of 
approximately 3/4:1 at normal 
venous blood oxygen saturations. 


Take a closer look at the BOS-10... 
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show you a BOS-10 and its many 
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protection 
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protection, confirmed by more than a 
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Documented efficacy of 
BETADINE Microbicides 
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Bentley now offers a smaller version of the celebrated 
Spiraflo BOS-10 Disposable Blood Oxygenator for 
pediatric and infant heart surgery...the Spiraflo BOS-5. 
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/ THIRD BEAT 


Several years ago, we introduced the Datascope 
/stem 80 Intra-Aortic Balloon Pump. Since that 
ne it has proven itself to be the most reliable system 
the world. 

We just improved on it. With the new Datascope 
stem 82. 

The System 82 is dramatically simpler to 
derstand and to operate. Setting two prominent 
de controls is essentially all that is needed for 
yper adjustment. 

To test its simplicity, we gave it to nurses who had 
ver seen it before. With no instruction whatsoever, 
>y were able to understand and adjust each control. 
The System 82 is 50% quieter than its predecessor. 
It utilizes a revolutionary Electrosurgical 
erference Suppression Module, ESIS. In most 
ses, this device virtually eliminates RF 

2rference due to electrocautery. Which means a 
sre reliable triggering signal. 

We've also improved the monitor itself. We made 
on-fade. Which gives it a clearer, more effective 
play. So you not only get a better display of patient 
a, but also of system control signals. 

3ut we didn’t change everything. We’ve kept 

ny of the things that made our System 80 so 
cessful. 

Ne haven't changed the unique Datascope 





*U.S. Patent Number 3.692.018 
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Dual-Chamber Balloon.* In tens of thousands of d 


operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 
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Fora suture line that’s really secur 









SURGILENE 
polypropylene monofilament suture. 


S(IRGILENE suture is smooth, strong, inert...and unlike other polypropylene 
sutures, it does not stretch excessively. So sutures stay where you place them, assuring 
you of a secure suture line. This pliable suture handles well and ties easily...and it's so 
smooth, it actually glides through tissue. 

Because SURGILENE is inert, scarring is minimal and complications few. And it 
has a flex life unexcelled by any other synthetic monofilament. 


For your convenience, SURGILENE is available in our unique, time-saving 
DIRECT DISPENSING packages. 
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See next page for complete product information. 
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diagonally to expose suture. 


SURGILENE® polypropylene monofilament suture 


Complete Product Information 


DESCRIPTION 

SURGILENE polypropylene Suture, (clear or pigment- 
ed) is a sterile, isotactic crystalline stereoisomer of a 
linear hydrocarbon polymer having essentially no un- 
saturation. The pigmented suture contains Copper 
Phthalocyanine Blue. 


ACTIONS 

SURGILENE causes a minimal, transient, acute in- 
flammatory reaction. This is followed by the formation 
of a microscopic layer of fibrous tissue around the 
suture. The suture is not absorbed nor is it subject to 
degradation or weakening by the action of tissue en- 
zymes. 


INDICATIONS 
SURGILENE may be used wherever Nonabsorbable 


Surgical Suture, USP is recommended. 


Because of its lack of adherence to 
SURGILENE is efficacious as a pull-out suture. 


CONTRAINDICATIONS 
There are no known contraindications. 


WARNINGS 

Studies to determine the safe and effective use of 
SURGILENE Suture in eye surgery have not been per- 
formed. 


PRECAUTIONS 

As with other synthetic sutures, knot security requires 
the standard surgical technic of flat and square ties, 
with additional throws if indicated by surgical cir- 
cumstance and the experience of the operator. 
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Then, pull suture out. 


There is an ongoing carcinogenicity study in rats, the 
results of which are not yet available. 


ADVERSE REACTIONS 

The most common adverse reaction noted during the 
clinical investigations with SURGILENE Suture was 
redness at the suture site, reported in up to 15% in 
some study populations. Edema and/or infection at 
the suture site has been noted in up to 8% in some 
study groups. Infrequent adverse reactions reported 
include suture extrusion and dehiscence (2 cases 
reported). 


HOW SUPPLIED ~ 


Available in USP sizes, non-needled or affixed to the 
various DAVIS + GECK ATRAUMATIC® needles 10/0 
thru 2 for pigmented sutures; 7/0 thru 2 for clear, 
in one dozen and three dozen packages. 
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use or 
Office- Based 


EW Recording 


Practice. 
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% STENOSIS BY AREA* 


By Area 





DESCRIPTION 


1} Normal tst and 2nd heart sounds 
with no significant audiofrequency con- 
tent (amplitude, intensity) during either 
systole or diastole. Note absence of 
only the tst heart sound does not sug- 
gest abnormal carotid artery pathology. 


2) The first heart sound is obliterated; 
high frequency content is noted at the 


initiation of systole. As the lesion be- 


comes more severe the audiofrequency 
content extends over a longer portion 
of systole. 





3) The tst and 2nd heart sounds are 
obliterated; high frequency content is 


observed throughout systole and ex- 


tends partially into diastole. As the 
lesion becomes more obstructive the 
audiofrequency content extends over a 
longer portion of diastole 


4) When the lesion becomes severe 
enough to significantly reduce blood 
velocity, turbulence is also reduced, 


and the abnormal audiofrequency con- 
tent is lost. In this case the CPA trac- 


ings may be normal. In some patients 
the heart sound amplitude is reduced. 


2| Phonoangiograph 


CPA TRACING 
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% STENOSIS BY DIAMETER 


(CPA) for Cerebral 
Vascular evaluation 


The major diagnostic CPA parame- 
ters are absence or presence of 1st 
and 2nd heart sounds, absence or 
presence of high-frequency conten 
in systole or systole and diastole, 
and the differential character of the 
three traces taken on each side. 


The sensitivity, amplification, 
quantitation, and frequency range 
of CPA is well above the capacity 
of the human ear. This allows ap- 
Du of bruits that cannot be 

eard with a stethoscope. The ad- 
vantages of quantitation and hard 
copy are obvious. 


CPA is helpful even for the experi- 
enced examiner in identifying 
transmitted murmurs. 


Patient groups most often 
suggested for routine Cerebral 
Vascular Evaluation include: 


a) Hospital admissions over 6 
years of age. 

b) Patients undergoing 
cardiopulmonary bypass. 

c) Patients with multiple risk 
factors for arteriosclerotic 
disease. 

References, bibliography 
and details on request. 
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MICROLITH-P.. 
Li edal le] E eleh ys 
TO SIMPLIFY gerro 


MICROLITH-P’s sophisticated 
technology has simplified 
programming and follow-up. 


Program any rate from 30 to 
119 ppm. 

Program any pulse width from 
0.1 to 1.9 ms. (.05 ms also 
available). 


MICROLITH-P provides 
unparalleled opportunity to 
respond to changing needs, yet 
because of its digital design, is 
simple to program. 





ITS SO ACCURATE 

CPI’s custom CMOS circuitry 
and quartz crystal timing provide 
a rate so stable that your patient 
paces exactly as programmed — 
not even 1 beat off — for the life 
of the pacemaker. And all other 


pacing parameters are equally 
precise. 


MICROLITH-P’s solid-state 
digital accuracy simplifies 
programming and follow-up for 
you by eliminating guesswork 
regarding pacing rate, proper 
energy safety margins and 
elective replacement status. 


ITS SO RELIABLE 
MICROLITH-P technology 
enhances reliability in ways that 
are important to you — phantom 
programming protection, 
immediate program verification, 
runaway protection, and other 
state-of-the-art features which 
keep MICROLITH-P the leader in 
programmable pacing. 


SOPHISTICATION OF 
DESIGN FOR SIMPLICITY 
OF PACING 


For further details on how 
MICROLITH-P simplifies pacing 
to provide optimum patient care 
contact your CPI representative 
or call Toll-Free (800) 328-9588. 


INVOLVED IN MANKIND 


Cardiac Pacemakers, Inc 

4100 North Hamline Avenue 

PO. Box 43079 

St. Paul, Minnesota 55164, U.S.A 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 
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Tygon’ tubing 
is safety 
documented 


Tygon surgical tubing has been 
extensively tested and documented 
for biocompatibility ever since its 
inception. Testing that has earned it 
a Class VI rating, as set forth in the 
current U.S. Pharmacopoeia. 


To earn its Class VI rating, Tygon 
tubing passed severe tests established 
for medical plastics. Tygon was 
tested for acute toxicity, acute 
intracutaneous reactivity, acute and 
chronic intramuscular reactivity, 
pyrogenicity, subcutaneous tissue 
reaction, and neurological reaction. 
All tests were executed by a highly 
regarded independent laboratory. 


For your further assurance, Tygon 
tubing has also been tested beyond 
Class VI criteria. These tests were 
for ethylene oxide residue, for 
hemolysis, for in-vitro coronary 
perfusion, and for blood pressure 
determination. Each production lot is 
quarantined and then thoroughly 
tested to meet our rigid requirements. 


This means Tygon surgical tubing, 
formulation number S-50-HL, can be 
used with complete confidence in 
critical procedures. 


Bulletin ST-400 contains further 
information and product criteria. 
Write today for your copy and the 
location of your nearest Tygon 
distributor. 


PLASTICS AND SYNTHETICS DIVISION 


PO BOX 350 AKRON. OHIO 44309 TEL: (2/6) 630-9230 
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ae Tygon’ tubing 
is consistency 
documented 


Dependability is the cornerstone 

of Tygon surgical tubing. We apply 
extensive quality control measures 
throughout the manufacturing 
process, and, for your assurance, 
document Tygon’s consistent 
quality at each production phase. 


Each production lot is assigned 
coded inspection cards which 
accompany the lot through each 
process. This provides complete 
accountability, as every length of 
Tygon tubing can be traced to the 
exact day it was produced and 

by whom. 


Raw materials are certified by 
suppliers, then quarantined and 
extensively tested before 

released to production. We 
formulate our own ingredients, 
carefully blend them, manufacture 
the tubing, then check samples for 
dimensional accuracy and physical 
properties. This insures that Tygon 
surgical tubing, formulation S-50-HL, 
meets both Class VI criteria and the 
requirements of your critical 
procedures. 


Tygon surgical tubing is available 
through your Tygon distributor. Or, 
if you use custom tubing packs, 
insist that your supplier use 

Tygon tubing. 


For more information, write us or 
call toll-free 800-321-9634 
(except Ohio). 
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For further information on the Medtronic Tenax ™ 
lead family, contact your Medtronic, Inc. 
representative or write for a complete 
technical brochure. 


edtronic, Inc. 
5055 Old i o Eight, PO. Box 1458 
Minneapolis, Minnesota 55440 


Medtronic 


Helping You Help | | 
The Pacemaker Patient 





An Endocardial Tined 
Ventricular Lead. 


The Medtronic ® 6950 and 6951 unipolar and bipolar tined 
leads feature four integral silicone rubber tines that 
protrude from the lead body just proximal to the tip 

electrode. These tines were designed to provide better 
- acute lead stability and reduce chronic lead | 
dislodgement by latching onto the papillary musculature ~ 
= orp the trabeculae of the right ventricle. The large 
surface area provided by the tines should also enhance 
the stability afforded by fibrosis. 
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A Small, Durable 
Endocardial Tined Lead. 
The newest members of the Tenax ™ family of 





The lonescu-Shiley Pericardial Xenogratft... 
performance as a function of design 


When compared to other tissue valves available, the lonescu- 
Shiley Pericardia! Xenograft has shown superior hydraulic 
function in the smaller sizes normally required for the narrow 
aortic root. The superior hydraulics result from precision in both 
the design and fabrication of the prosthesis. 


The lonescu-Shiléy Pericardial Xenograft consists of 3 equal 
cusps mounted On asymmetrical stent covered with Dacron’ 
cloth. The tissueselected for mounting meets exacting specifi- 
cations for uniformity in thickness. Individual cusp SETAE 
accurately determined by a precise pre-cut pattern of pericardial 
tissue. The fabrication technique produces uniformity and 
consistency in valve function so that a full-open, symmetrical 
flow orifice is created even at low flow rates, as depicted in the 
photos shown. For information on comparison studies of the 
lonescu-Shiley valve to other tissue valves, please contact your 
Shiley representative or call: 


s Shiley Sales Corp. 
17600 Gillette Avenue 
Irvine, California 92714 


(714) 979-0504 
(800) 854-3683, -3684 


Pulsatile Flow, mis/second, at Peak of Diastole. 
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EDITORIAL 


Factors Determining 


Outcome of Cardiac Valve Replacement 


William C. Roberts, M.D. 


From 1960 through 1976, approximately 466,500 
substitute cardiac valves were implanted for 
treatment of patients with malfunctioning car- 
diac valves. Some patients benefited enor- 
mously from the cardiac valve replacement and 
others did not. During this same period I exam- 
ined more than 500 hearts postmortem in pa- 
tients in whom 1 or more substitute cardiac 
valves had been inserted [4, 6-9]. From these 
studies, certain conclusions were drawn about 
factors considered most important in determin- 
ing the long-term result of cardiac valve re- 
placement. These factors are examined in this 
paper. 

There are at least six factors that are very im- 
portant in determining the result of cardiac 
valve replacement in a given patient: (1) the 
type of substitute valve inserted; (2) the size of 
the substitute valve; (3) the experience and 
technical skill of the surgeons; (4) the adequacy 
of the “pump team,” the anesthesiologists and 
surgeons, and the physicians and nurses pro- 
viding postoperative care; (5) the presence of 
associated (diagnosed or undiagnosed) or un- 
corrected cardiac disease or previous pericar- 
diotomy; and (6) the preoperative status of the 
patient. The relative effect of each of these fac- 
tors on the outcome of valve replacement is ex- 
amined here. 

Assuming that the cardiac operation takes 
place in a large medical center where several 
cardiac operations are performed weekly by a 
surgeon or group of surgeons experienced in 
cardiac valve replacement, the most important 
factor determining the long-term outcome of 
valve replacement is the type of substitute valve 


inserted. Before 1960, no patient had survived. 


longer than 3 months after total excision of a 
native cardiac valve and replacement with a 
prosthesis. Then the caged-ball prosthesis was 


Fror the Pathology Branch, National Heart, Lung, and 


Blood Institute, National Institutes of Health, Building 10A, 


Room 3E-30, Bethesda, MD 20014. 


used successfully, or. March 10, 1960, by Har-. 
ken and associates [5] for aortic valve replace- . 
ment and on September 21, 1960, by Starr and 
Edwards [10] for mitral valve replacement. 
Thereafter, valve replacement using the 
caged-ball prosthesis quickly became com- 
monplace. The cagec. ball was the first prosthe- . 
sis used for cardiac valve replacement by many 
surgeons whose previous valve operations had 
consisted entirely of mitral commissurotomy. 
Yet, almost from the beginning, rapid success 
was achieved with this device. 

Because the decision regarding the type of 
substitute valve to be chosen for each patient is 
crucial, consideration might be given to two 
closely related questions. Who does choose 
the type of prosthesis to be inserted? Who 
should choose the type of prosthesis to be in- 
serted? From the beginning, that is, 1960, the 
surgeon has determined the type of prosthesis. 
What factors determine a surgeon’s preference 
for a particular prosthesis? The major one, I 
presume, is previous experience, both personal 
and that of colleagues. Some surgeons who 
started with the caged ball, for example, and 
had satisfactory results are reluctant to change. 
(One is simply more comfortable with the de- 
vice one has used before.) Also, the choice of 
prosthesis by a prominent surgeon may be 
especially influential. If a prosthesis or model 
proves not to be ideal, despite high recom- 
mendations and previous experience, it should 
be changed, a difficult but admirable decision 
for a surgeon. 

For some surgeons the choice of prosthesis 
has been influenced by personal involvement 
in the development of a particular prosthesis. 
Admitting that a prosthesis designed by some- 
one else is better than one’s own is hard. There 
may be inherent conflict when the same sur- 
geon participates in the design of and insertion 
of the same prosthesis, and many instances of 
this potential conflict have occurred during the 
past 17 years. 
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Several thoracic surgical journals each month 
carry manufacturers’ advertisements delineat- 
ing the virtues of particular substitute cardiac 
valves. One prominent surgeon has advocated a 
particular prosthesis by “massive” letter mail- 
ing, even though no postoperative hemo- 
dynamic or long-term follow-up information 
is available on patients in whom this particu- 
lar prosthesis had been inserted. It is to be 
hoped that the choice of a cardiac valve pros- 
thesis is not influenced by the manufacturer's 
advertising with or without the assistance of a 
surgeon who utilizes that particular prosthesis. 

Again assuming that valve replacement is to 
be performed in a large medical center, with 
an experienced cardiovascular surgical team, 
long-term survival is more dependent on the 
type of prosthesis inserted than on the surgeon 
who inserts it. Thus, if I were to undergo valve 
replacement, I would choose first the type of 
prosthesis and then the surgeon whose results 
with that prosthesis were excellent. In my view, 
the referring cardiologist is not fulfilling his re-. 
sponsibility if he simply refers the patient to a 
surgeon irrespective of the type of prosthesis 
the surgeon most frequently utilizes. To use a 
caged disc, at least 1 with a flat nontilting 
occluder, is unwise, in my view, and, to date, 
little hemodynamic or other data are available 
to allow proper evaluation of the biconical type 
of caged disc. Although some surgeons pe- 
tiodically employ all 4 types of available substi- 
tute cardiac valves (caged ball, caged [nontilt- 
ing] disc, tilting disc, and aortic valve tissue), 
most generally use only 1 or 2 types. If the pa- 
tient has mitral stenosis or combined mitral and 
aortic valve disease (and in this circumstance 
the aortic “root” is usually small) or if the pa- 
tient is small, referral to a surgeon who only, or 
nearly always, uses the caged-ball prosthesis 
would not appear ideal. Patients who require 
valve replacement and who have real or poten- 
tial bleeding tendencies should have a tissue 
valve because anticoagulant therapy is neces- 
sary with use of all rigid-framed substitute 
valves. | 

Cardiologists in large medical centers usually 
refer patients requiring valve replacement to 
surgeons in the same medical center even 
though they may not necessarily be pleased 


with, or involved in, the choice of the substi- 
tute valve. Ideally, this choice would be made 
by both the cardiologist and the surgeon in light 
of all the data known about a particular patient. 
Greater participation by cardiologists in valve 
selection would require, however, the acquisi- 
tion of much more knowledge of such valves 
than they now generally have. Obviously, who 
chooses the type of substitute valve for a given 
patient is not important as long as the choice is 
the right one, but surgeons do not necessarily 
have a monopoly on that correct choice. 

The second most important factor determin- 
ing long-term survival after cardiac valve re- 
placement is the size of the prosthesis inserted. 
This determination, to my knowledge, has al- 
ways been made in the operating room with the 
patient on cardiopulmonary bypass and after 
placing various sizers through the valve orifice 
after excision of the native valve. But does this 
method best determine the proper size of a 
prosthesis to be inserted? In my opinion, the 
answer is no. With the patient on cardiopulmo- 
nary bypass and with various retractors pulling 
on the heart, the surgeon may be able to insert 
large sizing devices and, therefore, choose a 
large prosthesis when in actuality, the valve 
orifice is much smaller. It seems to me that the 
size of the valve to be inserted might best be 
determined in part on the basis of the 
hemodynamic valve lesion or lesions before op- 
eration with consideration of the lean weight of 
the patient, and not exclusively on the basis of 
sizing devices at operation. For example, a 
small woman with pure mitral stenosis and 
a normally functioning aortic valve should have 
a relatively small prosthesis. — 

In 1975, I saw postmortem the hearts of 2 pa- 
tients with severe isolated mitral stenosis in 
each of whom the largest tilting-disc prosthesis 
(Bjoérk-Shiley, 31 mm) had been inserted. At 


operation, the sizing devices had apparently 


indicated that the valve orifices were capable of 
accommodating these large-sized prostheses; 
but, fatal malfunction of the prosthesis because 
of prosthetic disproportion (prosthesis too large 
for occluder to move properly within the left 
ventricle) occurred in each patient. If the largest 
prosthesis is used’in a small woman with pttre 
mitral stenosis, what size of device should be 
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used in a large man with pure mitral regurgita- 
tion? The decision regarding what size of pros- 
thesis to insert might roughly be determined at 
the preoperative consultation and be based on 
the hemodynamic valve lesion and lean body 
weight and not entirely on the dimensions mea- 
sured in the operating room. 

Although I have placed greatest emphasis on 
the type and size of the prosthetic valve in- 
serted, the technical skill and experience of the 
surgeon are obviously extremely important, ex- 
perience probably being more important than 
technical skill. (One of the finest examples of 
technical skill in the field of cardiac valve re- 
placement is the placing of a porcine xenograft 
on a semiflexible cloth-covered stent. This pro- 
cedure is done by women before the tissue 
valves are shipped to surgeons.) Without ques- 
tion, results of valve replacement are better 
among experienced than nonexperienced sur- 
geons, although the technical skills of the latter 
might be greater. The “occasional open-heart 
surgeon,” as emphasized by Eiseman and 
Spencer [2], no matter how great his technical 
skill, is not the ideal cardiac surgeon. Certain 
technical factors, however, might be taken into 
consideration by the referring physician. 
Should prosthetic valves be inserted with con- 
tinuous suture or interrupted sutures? It ap- 
pears most reasonable that interrupted sutures 
would be less likely to be associated with ‘’mas- 
sive” prosthetic regurgitation (prosthetic dis- 


` ruption), and yet continuous or nearly continu- 


ous sutures are commonly employed by some 
surgeons [3]. If the world’s “best” surgeon uses 
the world’s worst prosthesis or inserts it by 
noninterrupted suture, the result is not ideal. 
The three other determinants of the results of 
cardiac valve replacement are self-evident. Ob- 
viously, the entire surgical team must be good. 
Patients with associated heart disease, for 
example, coronary heart disease or previous 


thoracotomy, do not do as well as patients 
without these associated ‘conditions [1]. The 
less sick the patient before operation, the 
greater are the chances of survival after opera- 
tion; but the sicker the patient before opera- 
tion, usually the more dramatic is the change 
after operation. 
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Survival and Probability of Cure Without 
and With Operation in Complete Atrioventricular Canal 


Thomas J. Berger, M.D., Eugene H. Blackstone, M.D., John W. Kirklin, M.D., 
L. M. Bargeron, Jr., M.D., Jane B. Hazelrig, Ph.D., and Malcolm E. Turner, Jr., Ph.D. 


ABSTRACT Actuarial analysis based on postmor- 
tem examination of patients who had been treated 
nonsurgically for complete atrioventricular (A-V) 
canal defect shows that only 54% survive to 6 
months of age, 35% to 12 months, 15% to 24 months, 
and 4% to 5 years of age. Our surgical experience 
since 1975 in 39 patients confirms the idea that pri- 
mary repair is feasible in small infants. The highest 
risk of hospital death is when the operation is done 
in the early months of life; it falls to 17% by age 12 
months. Between 1967 and October, 1976, the five- 
year survival rate among patients leaving the hospi- 
tal alive after repair was 91%. The age-specific prob- 
ability of ‘surgical cure” of patients operated upon 
for complete A-V canal (alive five years later with 
mean pulmonary artery pressure less than 25 mm 
Hg) is maximal at 73% when the operation is done at 
about 14 months of age. Urgent earlier repair is fre- 
quently necessitated by the life history of the dis- 
ease. 


A trend has recently developed toward earlier 
primary repair in patients with the complete 
form of common atrioventricular (A-V) canal 
defect [1, 2, 5, 11, 12]. The risk of operation is 
somewhat higher in young infants than in older 
children [13]. This raises questions concerning 
the long-term results of this trend, and con- 
cerning the relative benefits of this patient 
management program compared with others. 
Therefore, we have studied the age-specific 
survival without surgical treatment of indi- 
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viduals korn with the complete form of com- 
mon A-V canal. We analyzed further the early 
and late results of primary repair. From a com- 
parison of these data, we propose a program. of 
management for patients born with the com- 
plete form of common A-V canal defect. 


Material and Methods 

Life Expectancy Without Operation 

Life expectancy without surgical treatment: of 
persons with the complete form of common 
A-V canal was investigated by detailed indi- 
vidual stucy of 39 subjects described in two re- 
view articles by Edwards and colleagues [16, 
18]. The cases of Rogers and Edwards [16], 
which include both partial and complete forms 
of the makormation, were examined in their 
original publications to identify the 28 with the 
complete form without other cardiac anomalies 
of major anatomical or functional importance 
(their references 3,7, 8,13, 15, 17, 18, 21-23, 27, 
29, 34, 35, 37, 39, 40, 41, 43). Similar individual 
study was made of 11 additional patients de- 
scribed by Wakai and Edwards [18]. Actual age 
at death was known in 32 of the 39 patients. In 7 
patients, age at death was known only within a 
finite age inzerval. 

These data were analyzed by conventional 
nonparametric actuarial methods [9], with 
modification to take into account the patients 
whose age a: death was known only within a 
finite age interval,* and also by the parametric 
survival distribution method [17], using maxi- 
mum likelihood estimation procedures [8]. 
The latter tecnnique yielded a simple equation 
describing survival as a function of age. From 
this equation, the hazard function A(t), which is 
the instantaneous death rate, could be de- 


*Hazelrig JB, Turner ME Jr, Blackstone EH: Parametric sur- 
vival analysis br numerical maximization of likelittood 
functions derivec from a generic family of survival dis- 
tributions. Subm-tted for publication. 
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scribed: A(t) = $’(t)/S(t), where S’(t) is the slope 
(first derivative) of the survival function S(t) [6]. 


Operative Results 

The early risk of primary repair in the complete 
form of common A-V canal is described from 
our experience with 39 patients operated upon 
between January 1, 1975, and January, 1978. 
Sixteen of those less than 24 months of age and 
operated upon between January, 1975, and 
October, 1976, have been previously reported 
[2]. A probability-of-event analysis was made 
of the relationship between hospital death and 
age at operation using nonlinear logistic regres- 
sion [4, 19]. 

In a previous study we presented the late re- 
sults in patients less than 2 years old [2]. For the 
present study we obtained follow-up informa- 
tion for the 23 patients of all ages leaving the 


hospital alive after operation in the years 1967 


to 1976. This was obtained from a systematic 
review of each patient’s postoperative visit rec- 
ords, correspondence with each patient's per- 
sonal physician, and telephone conversations 
with the patient’s family. The date of inquiry 
was March 1, 1977. None of the patients have 
been lost to follow-up. We performed an actu- 
arial analysis [9] of the event of death for this 
group of patients to yield an estimate of the 
probability of five-year survival. 

The probability of patients’ having no major 
pulmonary hypertension five or more years 


* after repair, as a function of age at operation, 


was assumed to be the same as that for patients 
operated upon for repair of large ventricular 
septal defects [4]. 


Determination of Age-Related Probability 

of Surgical Cure 

The optimal age for repair of the complete form 
of common A-V canal was determined by ma- 
nipulation of the simple equations, each repre- 
senting a probability function, generated by the 
methods described. The probability of late sur- 
vival without pulmonary hypertension after 
surgical repair was calculated as the age- 
specific probability of leaving the hospital alive 
after operation, multiplied by the probability of 
long-term survival, multiplied by the age- 
specific probability of having no pulmonary 


hypertension five or more years postopera- 


tively. We have labeled this age-specific prob- 
ability surgical cure. 


Results 

Life Expectancy Without Operation 

By actuarial analysis (Fig 1A) of the age at death 
of nonsurgically treated patients with the com- 
plete form of common A-V canal who were ex- 
amined postmortem, we found only 54% of in- 
dividuals born with this malformation to be 
alive at 6 months of age, 35% at 12 months, 15% 
at 24 months, and 4% at 5 years of age. 
Parametric analysis of these data, with 70% 
confidence limits (CL),* is shown in Figure 1B. 
The hazard function, ‘reflecting the instantane- 
ous rate of dying (see Methods), is highest in 
the first few months of life and gradually falls 
after that, nearly to plateau at about 36 months 
of age (Fig 1C). 


Life Expectancy With Operation 

We have considered life expectancy to be the 
combined result of the risk of operation, the 
risk of late death after operation, and the late 
result in terms of pulmonary vascular resis- 
tance. 

The present age-related risk of primary repair 
for the complete form of A-V canal can be in- 
ferred in part from our experience (Table). A 
parametric analysis is shown in Figure 2. Of the 
23 patients undergoing primary complete repair 
and leaving the hospital alive between 1967 and 
October, 1976, 2 died late postoperatively, 1 at 
2.8 months and 1 at 2.9 months postoperatively. 
No deaths have occurred later than this inter- 
val. From this experience, we have actuarially 
determined the late survival to be 91% (CL, 81 
to 97%), and assumed this to be pertinent five 
years postoperatively. 


Age-Related Probability of Surgical Cure 

These data on hospital mortality and late survi- 
val were combined with the age-specific prob- 
ability of patients who have had repair of large 
ventricular septal defects having mean pulmo- 


nary artery pressure» less, than 25 mm Hg five 
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Fig 1. Life expectancy without operation for the com- 
plete form of atrioventricular canal. (A) Nonparametric 
actuarial analysis of the data from the two review re- 
ports [16, 18]. (B) Parametric analysis. Plus signs repre- 
sent the nonparametric estimates; the solid line, en- 
closed within its 70% confidence limits (dotted lines), 
represents the parametric survival distribution described 
by the equation: 
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where Q(t) = 2zrobability of dying and S(t) = 1 — Q(t) 
= probability of surviving beyond age t; = e where 
Bo = —2.30 + 0.063 and e = the base of the natural 
logarithms, and v = 1.36 + 0.184. Significance level of 
coefficients: P(8,) < 0.0001 and P(v) < 0.0001; corre- 
lation between coefficients: r = 0.115. (C) Hazard 
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Fig 1 (continued) 


years postoperatively (Fig 3). We found overall 
surgical cure to be maximal at about 73% (CL, 
62 to 82%) when the operation was done at 14 
months of age (CL, 3 to 31 months) (Fig 4). 
When the operation was done at 2 months of 
age, about 55% (CL, 38 to 72%) of patients have 
a surgical cure, at 3 months 61% (CL, 47 to 
73%), and at 6 months 68% (CL, 58 to 78%). 
This contrasts with the very high probability of 
premature death (96% probability of death by 
age 5 years) without operation. 


Comment 

Prospective determination of the natural his- 
tory of malformations such as the complete A-V 
canal defect is no longer possible because of the 
availability of effective surgical treatment. Yet 
knowledge of natural history is important to the 
formulation of optimal patient management 
programs. We took the only method available 
for estimation of life expectancy without opera- 
tion: age at death in a sizeable and presumably 
representative group of patients examined 
postmortem following nonsurgical treatment of 
their defect. The results of a similar analysis for 
tetralogy of Fallot were not significantly differ- 
ent from an estimation made by census tech- 
niques of life expectancy for persons with this 
malformation [3]. Therefore, we believe it likely 
that the life expectancy without operation por- 


48.0 
54.0 
60.0 


Primary Repair of Complete Form of Common 
Atrioventricular Canal (University of Alabama, 
1975—1978) 


Hospital Deaths 


No.of 

Age (mo) Patients No. (%) 70% CL 
+3 6 3 (50) 24-76% 
3< 6 7 2 (29) 10-55% 
6<12. 6 1 (17) 2—46% 
12 < 24 10 ~~ 0090) 0-17 % 
2< 5yr 4 1 (25) 3-63 % 
5 < 10 yr 5 1 (20) 3-53 % 
>1yr 1 0 ( 0) 0-85% 
Total 39 8 (21) 14-29% 


CL = confidence limits. 


trayed in Figure 1 and in the Table is a reason- 
ably accurate estimate of the truth. This belief is 
supported by the similarity in age distribution 
between patients who underwent surgical 
treatment in our recent experience and patients 
who survived without such treatment (Fig 5). 
This is presumed to be determined by the pro- 
portion of persons at various ages who develop 
serious symptoms which, if untreated, would 
soon lead to death. 

We have assumed that individuals with the 
complete form of common A-V canal are surgi- 
cally cured if they are alive five years later and 
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Fig 4. Age-specific probability of “surgical cure” of pa- 
tients with the complete form of common A-V canal 
(solid line), enclosed by its 70% confidence limits 
(dotted lines). Maximum surgical cure occurs when 
operation is performed between 3 and 31 months (peak 
at about 14 months) of age. (A) Plotted to age 12 years; 
(B) plotted to age 60 months. 
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Fig 5. Relation of age to proportion of patients coming 
to operation at the University of Alabama between Oc- 
tober, 1976, and January, 1978 (N = 20; 1 patient aged 
63 months «t repair, 1 aged 65 months, and 1 aged 21 
years are off scale to the right of the graph), expressed 
as 1.0 minus the cumulative proportion coming to oper- 
ation by the stated age. For comparison, the parametric 
analysis of survival without operation is shown. 


have a mean pulmonary artery pressure lower 
than 25 mm Hg because no patient has de- 
veloped late complete heart block or notable 
A-V valve incompetence. These complications 
have also been rare in the experience of others 
[5, 7, 10, 13]. 

The assumption of a 91% five-year survival 
rate based on our data could be challenged. 
This figure is, however, compatible with 
follow-up reported by the Mayo Clinic [13] on 
older children after repair. 

The high proportion of deaths in surgically 
untreated infants with the complete form of the 
common A-V canal defect, as shown in Figures 
1 and 2, is consistent with the experiences of 
many pediatric cardiologists [14]. Most of the 
deaths in infancy are from severe congestive 
heart failure caused by the large left-to-right 
shunt and whatever A-V valve incompetence 
may be present. 

Deaths after about 5 years of age are probably 
from pulmcnary vascular disease in most in- 
stances. Severe pulmonary vascular disease 
tends to develop earlier in persons with com- 


plete A-V canal than in those with large ven- 
tricular septal defects [15], and it may be pres- 
ent in many patients by 18 months of age. 
Down’s syndrome, present in 30% of our surgi- 
cally treated patients [2], probably also affects 
the natural history of persons with this malfor- 
mation because of its tendency to produce 
upper airway obstruction and frequent epi- 
sodes of pulmonary congestion. 

The present risk of primary repair of com- 
plete A-V canal in infants is probably reason- 
ably well represented by the data in Figure 2, 
since they are similar to the results reported by 
Mair and McGoon [11] and by Culpepper and 
colleagues [5]. Pulmonary artery banding and 
later repair might improve the results in pa- 
tients requiring operation when younger than3 
months of age, but a previous review of the 
hospital mortality after banding for this mal- 
formation does not support this idea [2]. Fur- 
ther, we expect the mortality in patients 
younger than 3 months of age to be reduced 
somewhat more now that understanding of the 
malformation and the techniques for managing 
it have improved. However, the relatively high 
proportion of infants with very severe forms of 
the malformation, including marked left or 
right ventricular hypoplasia, who are in serious 
trouble in the first month or so of life may keep 
surgical mortality high in this age group. 

Ideally, no patient with complete A-V canal 
should die without diagnosis and surgical 
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treatment. However, some infants are born 
with variants such as severe left or right ven- 
tricular hypoplasia and extreme overriding of 
the common A-V orifice over one ventricle. 
(Some are born with severe associated cardiac 
malformations, but these are not considered 
here.) These infants may die so early in life as to 
preclude surgical repair. Otherwise, under 
ideal circumstances, the hospital mortality at 
the various ages should be no more than the 
total early mortality from the malformation. 


Conclusions 

Infants with the complete form of common A-V 
canal should have primary repair whenever 
notable symptoms occur. Our analysis indicates 
that this is often in the early months of life. 
Infants with the complete form of common A-V 
canal who have no major heart failure and 
whose pulmonary vascular resistance is normal 
or nearly so should be deferred for operation 


until about 14 months of age. This is predicted - 


to give the highest probability of obtaining a 
surgical cure in patients who can be operated 
upon electively. The broad 70% CL of the ideal 
age for operation (3 to 31 months) indicate the 
reasonableness of doing the procedure a few 
months earlier in infants who are not thriving 
or who have elevated pulmonary vascular re- 
sistance, and a few months later in those who 
are doing well clinically and have low pulmo-- 
nary vascular resistance. When operation is 
done many months earlier, salvage is limited at 
present by the higher hospital mortality. When 
done much later than this age, the probability 
of surgical cure is limited by pulmonary vascu- 
lar disease. Further, with the passage of time, 
an increasing number of patients become inop- 
erable after 1 year of age because of pulmonary 
vascular disease. 
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Interrupted Aortic Arch Operation 
in the First Week of Life: Hemodynamic 
and Angiographic Evaluation One Year Later 


R. van der Horst, M.D., A. R. Hastreiter, M.D., S. Levitsky, M.D., 
E. A. Fisher, M.D., I. W. DuBrow, M.D., and M. Weinberg, M.D. 


ABSTRACT Operation for interrupted aortic arch 
(IAA) was successful in 2 infants during the first 
week of life. Both had postoperative hemodynamic 
and angiographic evaluation at ane year of age. The 
first infant had a type A IAA, and prostaglandins 
were infused to prevent ductal closure prior to the 
insertion of a graft between the two ends of the in- 
terrupted aorta. The second infant had a palliative 
operation for type B IAA (pulmonary artery banding 
and graft from main pulmonary artery to descending 
aorta). These patients represent the ninth and tenth 
successful operations for IAA in this age group and 
are reported with long-term reevaluation. 


Interruption of the aortic arch (IAA) is an un- 
common malformation that has infrequently 
been successfully operated on during the first 
week of life. We report 2 infants, aged 3 and 5 
days, respectively, who recently underwent suc- 
cessful operation and were then reevaluated 
one year postoperatively. The optimum choice 
of reparative technique is unclear at present 
and requires long-term observation. Both pal- 
liative and anatomically corrective procedures 
are likely to result in the need for an additional 
operation at a later age, and the natural history 
of the associated ventricular septal defect (VSD) 
and subaortic stenosis are not known. The 
long-term hemodynamic and angiographic data 
needed to answer these questions are not avail- 
able. 
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Case Reports 

Patient 1 

At 3 hours of age, a4,310-gm boy was observed 
to be slightly dusky, lethargic, and mildly 
tachypneic and tachycardic. A harsh grade 2/6 
short early systolic murmur was heard maxi- 
mally at the lower left sternal border at 6 hours 
of age. The femoral pulses were weak, and the 
blood pressure (flush method) was 50 mm Hg 
in the legs and 100 mm Hg in the arms. The 
precordium later became hyperactive, but no 
thrill was felt at any time. The first heart 
sound was normal; the second sound was nar- 
rowly split with a loud pulmonary component. 
Diasto_e was clear except for a loud third heart 
sound. The lungs were clear; the liver and 
spleen gradually enlarged over the ensuing 24 
hours as the respiratory rate increased to 100 
and tke heart rate to 150 per minute. The elec- 
trocardiogram showed combined ventricular 
hyper-rophy. There was slight cardiomegaly on 
chest -oentgenogram, with the main pulmonary 
artery segment noted to be large and pulmonary 
vascu.arity increased. Digoxin, furosemide, ° 
and oxygen were administered, and cardiac 
cathe-erization was undertaken at 24 hours of 
age. 

Hemodynamic data are. shown in Table 1. 
The oxygen saturation in the left atrium was 
97% and in the descending aorta, 88%. A 19% 
stepp in oxygen saturation was present at the 
right ventricular level. Systolic pressures in the 
left ventricle, right ventricle, and main pulmo- 
nary artery were equal and were 36 mm Hg 
higher than in the descending aorta. There was 
a narrow pulse pressure in the descending 
aorte. The right and left atrial mean pressures ` 
were 7.0 mm Hg. Cineangiography confirmed a 
left-to-right shunt at the ventricular level and 
suggested mild subaortic stenosis. The aortic 
root and the brachiocephalic vessels were nor- 
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Table 1. Preoperative and Postoperative Hemodynamic Data in IAA 





Patient 1 (Type A) 


Age, 2 Days; Age, 1 Year; 


Patient 2 (Type B) 


Age, 3 Days; Age, 1 Year; 


Weight, Weight, Weight, Weight, 

4.31 Kg 10.5 Kg 3.49 Kg 7.8 Kg 
Sampling O; Sat. Pressure O; Sat. Pressure O, Sat. Pressure O; Sat. Pressure 
Site (%) (mm Hg) (%)} (mm Hg) (%) (mm Hg) (%) (mm Hg) 
SVC 69 pei 72 ae 64 ie 62 ae 
RA 69 (7.0) 72 (2.8) 64 (5) 62 (3) 
RV 87 75/7 78 205 78 93/10 70 100/8 
MPA 88 75135(52) 80 20/7(13) 80 93/48(62) 72 100/59(76) 
LPA ae sae ee ee ads hen ae 55/40(48) 
Desc ao 88 39/13536) 98 85/58 (74) 80 93/50(64) 72 100/52(70) 
LA 97 (7.0) 98 8.0 -95 (10) 96 (8) 
LV 97 75/8 98 124/12 95 93/8 96 100/8 
Asc ao 97a ae 98 104/50(78) 95a oe 92 100/55(65) | 
*Presumed. 


Parentheses indicate mean pressures. O, Sat. = oxygen saturation; SVC = superior vena cava; RA = right atrium; RV = 
right ventricle; MPA = main pulmonary artery; LPA = left pulmonary artery; Desc ao = descending aorta; LA = left 


atrium; LV = left ventricle; Asc ao = ascending aorta. 


mal except for complete interruption of the aor- 
tic arch immediately distal to the origin of the 
left subclavian artery. The right ventricle and 
main pulmonary artery were large, and the de- 
scending aorta opacified faintly with contrast 
medium through a small ductus arteriosus that 
narrowed at the aortic end (Fig 1). 

A catheter was placed in the main pulmo- 
nary artery, and an intravenous infusion of 
prostaglandin E,* was started at a rate of 0.1 


“pgikgimin. The infant was then taken to the 


operating room, where a type A JAA was 
confirmed. The arch ended at the subclavian 
artery without an additional stump. A large 
ductus arteriosus, dilated by prostaglandin, 
connected the pulmonary artery and descend- 
ing aorta. Compression of the ductus arteriosus 
obliterated the umbilical arterial pulse, which 
was monitored. A tubular 6-mm polytetrafluoro- 
ethylene graft’ was anastomosed between the 
proximal and the descending aorta, and the 
ductus arteriosus was divided and oversewn. 
Assisted ventilation was applied for 24 hours, 
and digoxin was continued. The postoperative 


*Supplied by the Upjohn Company, Kalamazoo, MI. 


*Gore-Tex, manufactured by W. L. Gore and Associates, Inc, 
Flagstaff, AZ 86001. 


course was complicated by transient metabolic 
acidosis and a prolonged fever for which no 
cause was apparent. The infant was discharged 
from the hospital at 6 weeks of age, at which 
time he was eating well, was gaining weight, 
and was hemodynamically stable. 

At 1 year of age, repeat cardiac catheteriza- 
tion and angiographic studies were performed 
(see Table 1). Pulmonary artery pressure was 
normal, and a small left-to-right shunt was pres- 
ent at the ventricular level. There was a 20 mm 
Hg pressure gradient in the subaortic area and a 
19 mm Hg gradient across the graft. Selective 
cineangiograms are shown in Figure 2. The as- 
cending aorta was of normal size; the graft was 
narrowed, but it maintained continuity with 
the descending aorta. The orifice of the left 
subclavian artery was slightly stenosed. The VSD 
appeared smaller than it had one year earlier; 
mild subaortic stenosis was evident. 


Patient 2 

A baby boy weighing 3,496 gm became tachy- 
pneic at 16 hours of age following a normal ges- 
tation and birth. Heart failure was treated with 
digoxin and oxygen. There was mild general- 
ized peripheral cyanosis. The arterial pulses 
were normal, and the radial and femoral pulses 


114 The Annals of Thoracic Surgery Vol 27 No 2 February 1979 
e 








were synchronous. Arterial Po, values from the 
umbilical and radial arteries ranged from 40 to 
90 mm Hg, and there was little rise with the 
administration of 100%’ oxygen in 10 minutes. 
The precordium was hyperactive, and a para- 
sternal impulse was felt. The heart sounds were 
normal; no click or third sound was heard. A 
grade 2/6 ejection systolic murmur was heard at 
the upper left sternal border radiating over the 
entire precordium, neck, and back; diastole was 
clear. The liver and spleen were not palpable. 


Fig 1. Selected preoperative cineangiograms (Patient 1) 
in the lateral (A, B) and anteroposterior (C) views. The 
arrow in A shows the VSD; the arrow in B shows the 
narrowed ductus arteriosus. There is complete interrup- 
tion of the aortic arch with all the brachiocephalic ves- 
sels arising from the ascending aorta (type A). 


The ECG showed a frontal ORS axis of +180 
degrees, with right ventricular and left atrial 
overload. The chest roentgenogram revealed 
normal heart size and pulmonary vascularity. 
Cardiac catheterization at 5 days of age (see 
Table 1) showed a 16% stepup in oxygen sat- 
uration at the right ventricular level and a 15% 
stepdown from the left atrium to the descend- 
ing aorta. Saturation in the pulmonary artery 
and descending aorta was 80%. The right ven- 
tricle, left ventricle, main pulmonary artery, 


115 van der Horst et al: Interrupted Aortic Arch 





Fig 2. Postoperative angiograms (Patient 1). Left ven- 
triculograms, anteroposterior (A) and lateral (B) projec- 
tions, showing persistence of the VSD (vertical arrow) 
and filling of the pulmonary circuit. The horizontal ar- 
rows show the graft. In C a selective frame from the 
aortogram (anteropostertor view) shows the graft con- 
necting the ascending and descending aorta. 
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Fig 3. Selected preoperative angiograms (Patient 2) in 
the anteroposterior (A) and lateral (B) views showing 
interruption of the aortic arch and filling of the de- 
scending aorta from the dilated pulmonary a rtery 
through the ductus arteriosus (vertical arrows). The as- 
cending aorta is shown between two horizontal arrows. 


and descending aorta had identical systolic 
pressures; the ascending aorta was not entered. 
Multiple selective angiograms (Fig 3) confirmed 
the presence of an interruption of the aortic 
arch distal to the left carotid artery with anom- 
alous origin of the right and left subclavian ar- 
teries from the descending aorta distal to the 
ductus arteriosus (Type B IAA). Contrast me- 
dium was shunted from the left to the right 
atrium and bidirectionally through a subaortic 
VSD. A moderate-sized ductus arteriosus sup- 
plied the descending aorta. 

Immediately following the cardiac catheteri- 
zation, a 10-mm woven Dacron graft was in- 
serted from the proximal main pulmonary ar- 
tery to the descending thoracic aorta distal to 
the ductus arteriosus, and the main pulmonary 
artery was banded distal to the graft; the ductus 
arteriosus was then ligated. The postoperative 
course was complicated by transient pulmonary 
edema, acidosis, and seizures, and ventilatory 





support was needed for 24 days. Duskiness of 
all extremities persisted, whereas the color of 
the oral mucous membrane was normal. Be- 
cause of the differential cyanosis, temporal as 
well as radial artery samples were utilized to 
monitor the infant's progress. 

At 1 year of age the patient remained in good 
health, but growth and development have been 
slow. At that time the ECG showed a frontal 
QRS axis of +210 degrees with right ventricular 
hypertrophy, and the chest roentgenogram re- 
vealed a normal-sized heart. The pulmonary ` 
vascularity was increased in the left lung and 
decreased in the right. There was a prominent 
density in the left upper lung related to the 
graft. 

Hemodynamic data obtained at a postopera- 
tive cardiac catheterization performed at 1 year 
of age are shown in Table 1. The left and right 
ventricle, the main pulmonary artery, and the 
descending aorta had equal systolic pressures. 
The mean pressure in the main pulmonary ar- 
tery was slightly higher than that in the de- 
scending aorta. There was a 45 mm Hg systolic 
pressure gradient between the main and left 
pulmonary arteries; the right pulmonary artery 
could not be cannulated. A 10% oxygen stepup 
was present at the ventricular level. The satura- 
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tion in the descending aorta was equal to that in 
the main pulmonary artery but was much lower 
than that of the pulmonary veins and ascending 
aorta. Angiography (Fig 4) showed a massively 
dilated main pulmonary artery, a large left pul- 
monary artery, and no filling of the right pul- 
monary artery, which was totally occluded by 
the pulmonary artery band. The descending 
aorta filled directly from the main pulmonary 
artery through the graft. Both subclavian ar- 
teries filled from the descending aorta. The 
aorta, which arose normally from the left ven- 





Fig 4. Postoperative angiograms (Patient 2) in the lat- 
eral (A) and anteroposterior (B) projections showing the 
raft (black arrows) and the site of pulmonary artery 
banding (white arrow). In B, both subclavian arteries 
arise from the descending aorta (type B IAA). There is 
hypertranslucency of the right lung with decreased 
blood supply to this side. (C) The ascending aorta is 
shown between the two arrows. 


tricle, was small and gave rise to the right and 
left carotid arteries. No subaortic stenosis was 
present. There was a large left-to-right shunt 
through the VSD. 


Comment 

Patient 1 is the third infant reported to have 
been successfully operated on within one week 
of birth for type A IAA and is the second pa- 
tient reported with IAA in whom prostaglan- 
dins were used to prevent ductal closure before 
operation. Patient 2 is the seventh reported to 
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Table 2. Reports of Operations for IAA in the First Week of Life 


a a a 


Type of Operation 





Type of 

Defect Author Palliative 

Type A IAA Jones et al [7] + 
Fishman et al[3] ~ 
Our Patient 1 — 

Type B IAA Murphy et al [12] = 
Fishman et al [3] = 
Fishman et al [3] — 
Fishman et al [3] + 
Higgins et al [5] + 
Bailey et al [1] - 
Our Patient 2 + 


Follow-up 
Anatomical Associated Period 
Repair Anomalies (mo) 
= VSD 5 
+ 
+ PAB VSD, SAS NS 
+ ¥SD; SAS 12 
+ VSD 1 1⁄2 
a VSD, ARSA NS 
+ VSD, MI NS 
= VSD, ARSA NS 
= VSD, ASD, ARSA NS 
+ VSD, ASD 1 
= VSD, ARSA 12 


“Tubular graft from main pulmonary artery to descending aorta + pulmonary artery banding. 


PAB = pulmonary artery banding; VSD = ventricul 
atrial septal defect; MI = mitral incompetence; NS 


have had successful operation in the first week 
of life for type B IAA. Both patients had repeat 
hemodynamic and angiographic evaluation one 
year after operation. 

Interrupted aortic arch carries a dismal prog- 
nosis without operation: more than 90% of all 
infants born with this anomaly die within 30 
days of birth. The median age at death is be- 
tween 5 and 10 days [18]. It is clear that opera- 
tive intervention offers the only hope for life. 

Successful operation for IAA was reported in 
1957 [10], and while other successes have been 
reported, the few survivors in the first week of 
life are shown in Table 2 il, 3,5, 7, 121. fi wo 
infants with associated complete transposition 
of the great vessels are excluded from this table 
because anatomical correction of the aorta 
probably had little influence on the outcome [3, 
14].) It is of interest that an additional 5 babies 
with type A IAA [2, 3, 17, 19] and 3 babies with 
type B [9, 16, 18] have been successfully oper- 
ated on in the second to fourth weeks of life. 

Ductal constriction is the major factor that 
threatens life and causes death in the first days 
of life. The consequent reduction in blood flow 
to the lower body (and the upper extremities in 
infants with types B and C IAA) produces tissue 
hypoxia and metabolic acidosis. Perfusion of 
the descending aorta is dependent on the per- 


ar septal defect; ARSA = anomalous right subclavian artery; ASD = 
= not stated; SAS = subaortic stenosis. 


sistence of an elevated pulmonary vascular re- 
sistance. While hypoxia and acidosis produce 
pulmonary arteriolar constriction and tend to 
perpetuate the high pulmonary vascular resis- 
tance, the early clinical deterioration is un- 
doubtedly linked to a rapid fall in pulmonary 
vascular resistance. Hypoxia also tends to pre- 
vent closure of the ductus arteriosus, but ductal 
constriction has also been shown to occur early. 
This constriction may be related, in part, to the 
lower pulmonary vascular resistance. A possi- 
ble contributing factor to the sustained eleva- 
tion in pulmonary vascular resistance is the 
high pulmonary artery pressure associated with 
the left-to-right shunt through the VSD that is 
present in most infants. Data on pulmonary 
blood flow and pulmonary vascular resistance 
are not available for infants with IAA. 

The use of prostaglandins to prevent con- 
striction of the ductus arteriosus has been re- 
ported in 1 infant with IAA who underwent 
successful anatomical repair at 17 days [8]. The 
use of prostaglandin infusion in our first pa- 
tient probably contributed to the success of the 
operation, and we support the suggestion of 
others that prostaglandin E, should be used in 
this group of patients [13, 15]. 

The introduction of a “new” palliative oper- 
ation for IAA in 1971 [18] was based on the need 
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to maintain circulation to the descending aorta 
by insertion of a graft between the main pul- 
monary artery and the descending aorta. Fur- 
thermore, to protect the pulmonary vasculature 
and to ensure a high generating pump to direct 
blood to the lower body, it was suggested that 
the pulmonary arteries be banded distally to the 
graft. Although some measure of success has 
been achieved with this procedure, the number 
to benefit within the first week of life has been 
small (see Table 2). 

Technical advances in microvascular surgery 
should enhance successful aortic arch recon- 
struction in neonates [16]. Deep hypothermia 
with circulatory arrest using the infant pump 
oxygenator can permit concomitant correction 
of intracardiac anomalies even in the smallest 
infant. While aortic reconstruction by direct 
anastomosis may technically be easier in in- 
fants with type A than with type B IAA, be- 
cause there is more of the arch present, recent 
advances in microvascular surgery employing 
these techniques and the use of prostaglandin 
infusion are likely to increase the survival rate 
even in those infants with type B IAA. A major 
problem in type B is the accomplishment of a 
successful anastomosis without risk of occlu- 
sion or stenosis of the cerebral arterial supply. 
An important consideration in anatomical re- 
pair of the interrupted arch in tiny infants is the 
small size of the ascending aorta and the limi- 
tations placed on the use of large grafts. This is 
particularly evident in our Patient 1 in whom a 
successful anastomosis was achieved but in 
whom the graft was slightly stenotic one year 
following operation. 

Eighteen infants with IAA have undergone 
successful initial operation for this condition 
in the neonatal period (16 reported in the liter- 
ature and 2 in this paper). Four had primary 
anatomical repair of the IAA with closure of the 
VSD at the first operation [1, 2, 9, 12]. Three 
(including 1 patient of ours) had primary ana- 
tomical repair of the [AA but no operation di- 
rected to the VSD [3, 17]. Four had primary 
anatomical repair of the IAA with pulmonary 
artery banding [3, 19]. The most frequent surgi- 
cal procedure, performed in 7 infants (including 
1 of our patients), was initial palliation by 
means of a tube graft from the main pulmonary 


artery to the descending aorta and pulmonary 
artery banding. Of 14 patients operated on in 
the neonatal period (excluding the 4 who had 
complete initial anatomical repair), an addi- 
tional 3 have had subsequent repair of the VSD 
[3, 8, 19]. Thus 11 of 18 survivors are likely to 
require additional procedures. Of these, 2 
underwent a second pulmonary artery banding 
[7, 18}. To our knowledge, of the patients ini- 
tially palliated operatively, subsequent repara- 
tive procedures in 2 patients have not produced 
any survivors.* 

A postoperative cardiac catheterization re- 
port [7] was available in only 1 of the 8 infants 
in the literature operated on in the first week of 


life for IAA [1, 3, 5,7, 12]. An additional 2 out of 


8 patients who were operated on from the sec- 
ond to the fourth weeks of life have had post- 
operative cardiac catheterizations reported. In 2 
patients the pulmonary artery banding was in- 
effective, necessitating a repeat operation. In 
the remaining patient, catheterized 642 months 
following operation, there was mild coarctation 
of the aorta, a residual VSD (after surgical clo- 
sure}, and a subclavian steal syndrome of the 
right subclavian artery [16]. 

In two large postmortem series [4, 6], the fre- 
quency of VSD in IAA was 93% and 100%. All 
18 infants reviewed in this report who were op- 
erated on in the first month of life had a VSD. It 
is possible that in some cases, diminution in 
size or closure of the VSD may occur spontane- 
ously; such a change may be related to the type 
of septal defect [4]. Additional postoperative 
cardiac catheterizations are necessary to evalu- 
ate the hemodynamics and natural history of 
the VSD in IAA. 

Subaortic stenosis, which is usually located 
above the VSD in IAA, has had several em- 
bryonic hypotheses: (1) a leftward shift (i-e., 
toward the mitral valve) of the parietal band 
relative to the VSD (from the left ventricular as- 
pect) [18]; (2) conoventricular malalignment [4]; 
and (3) the presence of an anterolateral muscle 
bundle (which occurs in 40% of normal hearts) 
[11]. Although the incidence of subaortic ste- 
nosis in IAA is not known, postmortem stud- 


*Castaneda A and Litwin SB: Personal communications, 
1977. 
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les suggest a potential for obstruction in all 
patients [4] and definitive obstruction in one- 
third [6]. Few infants have had hemodynamic 
or angiographic demonstration of subaortic 
stenosis; no infants with IAA have had subaor- 
tic obstruction severe enough to warrant oper- 
ation. In only 2 neonates has subaortic stenosis 
been found [6], 1 in the present series. It is 
likely that the severity of subaortic obstruction 
progresses with age, although this hypothesis 
has not been documented. 

The need for further operation in Patient 1 is 
as yet not indicated. At 1 year of age, small 
gradients were present in the subaortic area 
and across the graft, and the left-to-right shunt 
was not large. Furthermore, there was no 
proximal aortic hypertension, but the left ven- 
tricular systolic pressure was elevated (125 mm 
Hg). The patient will have to be followed 
closely, using noninvasive methods to evaluate 
blood pressure in the upper extremities as well 
as left ventricular function. We consider it likely 
that as he grows older, the small graft now in 
situ will need to be replaced. Time will tell 
whether or not the subaortic stenosis will in- 
crease in severity, requiring additional opera- 
tion, and whether or not the VSD will close 
spontaneously. 

Our second patient poses a greater problem. 
Blood flow to the right lung is markedly di- 
minished, while the left lung is protected by the 
pulmonary artery band. The right ventricle is 
the effective pump for the lungs, all extremities, 
and all organs below the pulmonary artery- 
aortic graft. We consider that it will be neces- 
sary to undertake closure of the VSD, deband- 
ing, restoration of blood flow to the right lung, 
“degrafting,”” and aortoaortic anastomosis (i.e., 
total anatomical correction) sometime in the 
future. The risks of such a reparative operation 
are formidable and challenging. 
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Guglielmo Marconi foresaw an end to the silence 
of the airwaves, and the lifeline of wireless 
communication was born. 


Intermedics is on the same wavelength, 
with another breakthrough in pacemaker technology. 





yberLith: 


e multi-programmable pacemaker 


ith telemetry. 





3y developing wireless technology, Marconi paved the way Seven Sensitivity Levels 
or the modern electronic achievement known as telemetry. Precise sensitivity adjustments are possible to respond to 
ntermedics has applied this achievement to cardiac varying clinical situations. 
xacemaker technology. It is available in the CyberLith. 
I hree Pacing Modes \ 
You may choose the mode best suited to your patient’s 
Telemetry allows you to non- condition and environment without the need for 
invasively monitor and clini- surgical intervention. The modes available are: 
cally evaluate the functioning R-wave inhibited (demand)—asynchronous (fixed 
of the multi-programmable rate)—R-wave synchronous (demand). 
CyberLith pacing system. 
This monitoring capability, ‘lelemetric 


and the therapeutic flexibility Communication 

of the CyberLith, combine to CyberLith telemetry makes 

provide the most complete possible more accurate esti- 

pacing system available. mation of the pacemaker’s 
remaining service life. 
Battery voltage, battery 
impedance, electrode lead 





‘or the first time, one pacemaker, the impedance, and exact 

2yberLith, incorporates the foll ywing features: timing of sensing and pacing events can all be determined | 
for detailed evaluation. ; 
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rogrammable pacing rates, from 30 to 120 ppm, offer rall-Sate Fn setae a wae ble P 

u Maximum versatility in meeting the changing needs A battery powered (rechargeable) porta 2 aly sapien 

‘your patients gives you the flexibility to alter the CyberLith’s pro- 


grammable features individually or simultaneously. In 
iftteen Pulse Widths 


choice of pulse widths from 0.15 to 2.29 msec assures 
fective pacing for each patient. 
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addition, the Programmer’s design makes accidental 
reprogramming virtually impossible. And instantaneous 
reprogramming to original nominal pacer parameters 
can be accomplished by depressing a single button. 
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Please contact your Intermedics representative for more 
complete information on the many advantages of 
CyberLith therapeutic pacing. At Intermedics, we are 
producing tomorrow’s technology today, because 


OUR BUSINESS IS LIFE. 
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from Intermedics, Inc. 

The Guglielmo Marconi original water color shown on 
the first page of this ad is the second in a series commis- 
sioned by Intermedics. A limited-edition print, num- 
bered and signed by artist Ron Adair, is being made 
available by Intermedics to physicians only. To obtain 
your print please write to Marketing Administration, 


Intermedics, Inc., PO. Box 617, Freeport, Texas 77541. 


Note: 





The CfberLith is currently undergoing clinical evaluation and is not routinely available 
na commercial basis. 


©Intermedics, Inc., November, 1978 


CyberLith is a trademark of Intermedics, Inc. 
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INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and relatively 
widely variable service life as a result of factors such as the initial capacity 
of the battery and the shelf storage time of the manufac tured pacemaker; 
variations in electrode system resistances, stimulation rate, and the per 
centage of time the implanted pacemaker is inhibited; and random elec- 
tronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pacemaker 
system to damage the pulse generator. Specifically, diathermy should not 
be used on pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the pacemaker 
as well as cause burns or possible ventricular fibrillation; defibrillation can 
damage the pacemaker, and the presence of the pacemaker may cause in- 
creased cardiac muscle damage from defibrillation. Microwave ovens that 
do not exceed federal guidelines for leakage (0.5 mW/cm? at 2.5 cm from 
the appliance) will not affect the pacemaker, but leakage in excess of that 
amount may cause interference. Certain electrical and gasoline-p ywered 
appliances can cause inhibition of an implanted cardiac pacemaker 
system. 

For complete precautions, see the Physician's Manual for the Inter- 
medics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue 
reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


Wy Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 


Our business is life. 


DISPOSABLE 


SKIN STAPLER 


PROXIMATE 


The new PROXIMATE Disposable 
Skin Stapler offers an instrument 
with unique advantages superior to 
any other in the field. 

The PROXIMATE disposable skin 
stapler is engineered to precise 
surgical requirements of reliability, 
speed, control and placement, ease 
of use and comfort. It avoids the 
disadvantages of current devices and 
provides benefits for the surgeon, 
nurse and patient, as well as the 
hospital. The staple extractor is also 
designed for easy use and patient 
comfort. 


© ETHICON, Inc. 1978 


RELIABLE 


PROXIMATE skin stapler is a single-use, 
disposable instrument with preloaded 
staples. Thus it is capable of completing 
most procedures without the loading or 
reloading problems of conventional de- 
vices. It is always ready for immediate use. 


HUMAN ENGINEERED 


Made of space-age materials, the 
PROXIMATE Disposable Skin Stapler 
weighs much less than conventional skin 
staplers and requires less force to fire. 
Minimal weight and force, smooth trigger 
action and excellent visibility, provide 
more natural work angles for optimum 
control and accurate placement. 


Trademark 








FAST 


Fully automatic. No precocking. No pre- 
loading. No waiting for conventional de- 
vides in use by other surgeons to be 

d autoclaved and cooled. You are handed 
a fresh, new sterile instrument for your 
personal use for each procedure, just 

‘like an ETHICON*needle/suture armed 
ina needleholder, ready for use. 





NO MAINTENANCE 





Unlike reusable devices, the PROXIMATE 
disposable skin stapler requires no serv- 
icing—no time out for repairs, no clean- 
ing, scrubbing, lubricating, wrapping or 
resterilization. 
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...we’ve been listening 


Functional performance considerations such as consistent gas transfer, 

heat exchange and defoaming have always been our highest objectives, and to 
insure consistently excellent performance case after case, we performance-test 
oxygenators from every lot we ship. 


There are many new, yet-to-be-proven oxygenators on the market. The most proven, 
un-new oxygenator that will give you consistent total performance is the Shiley 100A.* 


Shiley Sales Corp. 


m 17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0504 
(800) 854-3683 


Cable: SHILEYSLSIRIN 
Telex: 68-5585 

Mailing Address: 

P.O. Box 11707 


an integral member of the open heart team 











Suddenly, z 


the endocardial 


electrode has taken 
a new twist. 


No one has to tell you what a problem conventional endo- 
cardial electrodes can sometimes be. Primarily because in 
most electrodes, dislocation is a very real possibility. 

To answer the problem, Vitatron has come up 
with a unique approach to the problem. Deceptively simple 
by design, and yet effective. 

Helifix.* 

Helifix, with its helically coiled tip, now enables 
you to actually twist the electrode into the trabeculae with 
only 2-3 clockwise turns. 

The result is a secure, yet relatively atraumatic, 
anchor that virtually defies dislocation. 

And should repositioning become necessary, 
Helifix is just as easy to remove with just a simple 
untwisting action. 

For quick mobilization of your patients without 
the fear of dislocation, for better fixation to other parts of 
the ventricle than the apex, Helifix is an ideal solution. 

We'd like you to learn more about Helifix. For 
latest data and clinical evaluations, write us at: Vitatron 
Medical, Inc., One Gateway Center, Newton, MA 02158. 
In Europe: Vitatron Medical B.V., P.O. Box 76, 6950 AB 
Dieren, The Netherlands. 
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Surgical Treatment of Double-Outlet 
Left Ventricle in 2 Patients with p-Position 


and L-Position of the Aorta 


T. Stegmann, M.D., H. Oster, M.D., J. Bissenden, M.D., H. C. Kallfelz, M.D., 


and H. Oelert, M.D. 


ABSTRACT Two cases of double-outlet left ventri- 
cle (DOLV) are described, 1 with p-position and 1 
with -position of the aorta. Both patients had 
situs solitus, atrioventricular concordance with p- 
relationship of the two ventricles, a ventricular sep- 
tal defect, and subpulmonary stenosis. The patient 
with p-position of the aorta was operated on using a 
technique similar to that for repair of Fallot’s tetral- 
ogy but including emergency implantation of a bio- 
prosthesis into the pulmonary artery position on the 
eighth postoperative day. Surgical correction in the 
patient with L~position of the aorta required the im- 
plantation of a composite valved conduit between 
the right ventricle and the pulmonary artery. 

The various surgical techniques for correction of 
DOLYV are described, and the literature is reviewed. 
Postoperative right heart failure in both patients is 
explained by the impaired function of the right ven- 
tricle being exposed to gross pulmonary incompe- 
tence or by the persistence of elevated right ven- 
tricular pressure. 


By definition, in a double-outlet ventricle the 
whole of one of the great arteries and at least 
50% of the other must originate from the same 
cardiac chamber [1, 4, 5, 8, 9, 11-13]. Based 
on this definition, in addition to the double- 
outlet right ventricle (DORV) [6], there exists 
the less frequently seen double-outlet left ven- 
tricle (DOLV) [1, 2, 5, 8, 9, 11-13]. In the 
early 1960s it was considered unlikely that this 
heart defect could even exist, and it was not 
until 1967 that successful repair of a DOLV was 
reported by Sakakibara and colleagues [11]. A 
total of 16 cases have now been reported in the 
literature (Table 1). The correct diagnosis was 
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made only 8 times preoperatively; in the re- 
mainder of cases it was revealed either at oper- 
ation or at postmortem examination. The most 
frequent mistaken diagnoses were Fallot’s te- 
tralogy [1, 3, 5, 8] and transposition of the great 
arteries with ventricular septal defect [2, 9, 13]. 

We report here 2 patients with DOLV distin- 
guished by a corrective approach done accord- 
ing to the position of the aorta in relation to the 
pulmonary artery. One patient had p-position 
and the other, L-position of the aorta. 


Case Keports 

Patient 1 

The first patient was born in December, 1975, 
after a 39-week pregnancy with a normal deliv- 
ery. Shortly after birth, marked central cyanosis 
was noted, and the first cardiac catheterization 
took place on the second day of life. On the 
grounds that the diagnosis was transposition of 
the great arteries (TGA), a balloon atrial sep- 


.tostomy (Rashkind) was performed; this proce- 


dure was followed by an atrial septectomy 
(Blalock-Hanlon) five months later. When the 
patient reached the age of 17 months, a second 
heart catheterization extended the diagnosis to 
TGA plus ventricular septal defect (VSD) and 
subpulmonary stenosis. On account of in- 
creasing cyanosis, an ascending aorta—right 
pulmonary artery anastomosis was made. Fol- 
lowing this procedure the child failed to thrive, 
although there were no obvious signs of heart 
failure. On auscultation a grade 4/6 pansystolic 
murmur was heard in the fourth intercostal 
space on the left parasternal edge. The electro- 
cardiogram (Fig 1A) showed right axis devia- 
tion, right ventricular hypertrophy, and a 
rhythm varying between sinus and nodal, or 
occasionally atrioventricular dissociation. 
seven months later a third cardiac catheteri- 
zation revealed a right-to-left shunt of 70% 
at the ventricular level. The aortopulmonary 
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Table 1. Summary of Previous Cases of Double-Outlet Left Ventricle Reported in the Literature 
eee 


Author and Year 


Sakakibara et al [11], 1967 


Paul et al [9], 1970 


Kerr et al [5], 1971 


Pacifico et al [8], 1973 


Conti et al [3], 1974 


Anderson et al [1], 1974 


Brandt et al [2], 1976 


Sharratt et al [12], 1976 


Urban et al [13], 1977 


Patient's 
Age (yr) 


12 


~- 


4 mo 


2 yr 10 mo 


1 1⁄2 


Diagnosis 


DOLV without PS; p-position 
of aorta; large anterior 
VSD 

DOLYV, intact ventricular 
septum; atresia of RV out- 
flow tract; LAD-RV fistula 


DOLV with PS, situs solitus; 
subaortic VSD 


DOLV with b-position of 
aorta; valvular PS; large 
VSD 

DOLYV with subvalvular PS; 
multiple VSDs; p-position 
of aorta 

DOLY without PS; large VSD; 
D-position of aorta 


DOLV with L-position of 
aorta; restrictive VSD; val- 
vular and subvalvular PS 

DOLV with valvular and sub- 
valvular PS; p-position of 
aorta 

DOLV with VSD; valvular PS; 
PFO 

DOLYV; situs solitus; subaortic 
VSD; valvular and su- 
pravalvular PS; D-position 
of aorta 

DOLYV; situs solitus; ASD; 
tricuspid atresia; subaortic 
VSD; valvular PS; D- 
position of aorta 

DOLYV; situs solitus; ASD; 
subaortic VSD; subvalvu- 
lar PS; dextrocardia; L- 


position of aorta 
DOLYV; situs solitus; balloon 


ASD; subaortic VSD; PS; 
D-position of aorta 

DOLYV; situs inversus; discor- 
dant p-loop; subaortic 
VSD; valvular PS; D- 

osition of aorta 

DOLYV; situs solitus; AV con- 
cordance; L-malposition of 
aorta; PS; TS; type II ASD; 
VSD; hypoplastic RV 

DOLYV; subaortic VSD; sub- 
valvular and valvular PS; 
PFO; situs inversus; 
hypoplastic RV 


Surgical Treatment 


Intraventricular RV-PA con- 
duit with closure of VSD 


First operation: PA banding; 
second operation: 
Blalock-Hanlon atrial sep- 
tectomy 

Closure of VSD (Dacron); clo- 
sure of pulmonary valve; 
RV-PA patch 

Closure of VSD (Dacron); clo- 
sure of PA; RV-PA Dacron 
roof patch 

Closure of VSD (Dacron); clo- 
sure of PA; RV-PA com- 
posite valved conduit 

Closure of VSD (Dacron); clo- 
sure of PA; RV-PA com- 
posite valved conduit 

Closure of VSD (Dacron); clo- 
sure of PA; RV-PA com- 
posite valved conduit 

Closure of VSD (Dacron); 
RV-PA conduit (valveless) 


Waterston shunt; no correc- 


tive operation at time 
Closure of VSD; closure of PA; 
RV-PA conduit 


Ineperable condition 


Closure of VSD; closure of PA; 
RV-PA conduit; closure of 
ASD 


Closure of VSD; closure of PA; 
RV-PA conduit; closure of 
ASD 

Clesure of VSD (connecting 
aorta to RV); direct relief of 
PS 


Closure of ASD; closure of 
tricuspid valve; Fontan 
procedure (RA-PA aortic 
homograft conduit) 

Closure of VSD (Dacron); clo- 
sure of PA; RV-PA com- 
posite valved conduit; clo- 
sure of PFO 


Result 


Well 


Heart failure, pneumonitis, death 


Cerebral thrombosis seventh 
postop. day; well 


Cerebral embolism eighth postop. 
day; well but retarded 

Well 

Well 

Well 

Well 

Well 


Hospital death 


Died of congestive heart failure at 
age 21 wk 


Well 


Well 


Late death 2 yr postop. 


Pleural effusion postop.; died 
twentieth postop. day 


Died seventh postop. day of low 
cardiac output, renal failure 


e 
DOLV = double-outlet left ventricle; PS = pulmonary stenosis; VSD = ventricular septal defect; RV = right ventricle; PA = pulmonary artery; LAD = left anterior 
descending coronary artery; PFO = patent foramen ovale; ASD = atrial septal defect; AV = atrioventricular; TS = tricuspid stenosis; RA = right atrium. 


anastomosis was not patent. Hemodynamical- 
ly, the pressures in both ventricles were equal 
(Table 2); the pulmonary artery could not 
be entered. Left ventricular injection in the an- 
teroposterior and lateral views (Fig 2) showed 
the aorta as well as the pulmonary artery 
originating from this ventricle, with both great 
vessels lying posteriorly and the pulmonary 
artery filling first. In addition, a single high 
VSD was demonstrated. The right ventricular 
injection (Fig 3) showed a right and anteriorly 
placed heavy, trabeculated right ventricle, out 
of which filled—through the VSD—first the 
aorta and then, weakly, the pulmonary artery. 
According to these findings, the probable diag- 


nosis was DOLV with VSD and possible sub- 
valvular pulmonary stenosis. Alternatively, the 
exceptional anomaly of TGA with VSD and a 
posteriorly placed aorta was considered. 

When the patient reached age 2, indications 
for a corrective operation existed on the 
grounds of increasing cyanosis (hematocrit, 
58.3%; oxygen saturation [aorta], 69%) and 
growth retardation (body weight, 8.48 kg). 
Intraoperatively the aorta was found to be 
situated posteriorly and to the right of the pul- 
monary artery trunk. On cardiopulmonary 
bypass the right ventricular outflow tract was 
opened by a longitudinal incision, and com- 
plete atresia of the infundibulum was found. 
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Fig 1. Electrocardiograms of Patient 1 (A) and Patient 2 
(B).e 
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Table 2. Preoperative Cardiac Catheterization 
Data in Our 2 Patients with Double-Outlet Left 
Ventricle 


Oxygen 

Pressure Saturation 
Site (mm Hg) (%) 
PATIENT 1 
SVC 54 
RA m= 6 65 
RV 103/2 65 
LA m= 5 94 
LV 106/2 80 
Ao desc 94/50, m = 71 69 
PA Not entered 
PATIENT 2 
SVC 58 
RA m= 0 62 
RV 90/2 61.5 
PA 48/25, m = 33 85.5 
LA m= 8 92.5 
LV 90/10 87 
Ao asc 85/65, m = 55 73 
K,= 3,1 U 
R, = 12.7 U 
QO, = 7.9 L/min 
Q, = 4.3 L/min 


Out = 1.0 L/min 


SVC = superior vena cava; RA = right atrium; RV = right 
ventricle; LA = left atrium; LV = left ventricle; Ao desc = 
descending aorta; Ao asc = ascending aorta. 


An instrument introduced into the pulmonary 
artery and through a normal pulmonary valve 
appeared behind the VSD in the left ventricle. 
Intracardiac correction of this anomaly con- 
sisted of several steps: 


1. Closure of the VSD with a prosthetic patch. 

2. Opening of the atretic infundibulum, there- 
by splitting its musculature up to the level 
of the pulmonary artery and incising its an- 
terior wall. 

3. Suture closure of the pulmonary valve. 

4. Implantation of a Teflon gusset from the 
right ventricle along the atretic infundib- 
ulum onto the pulmonary artery. 


After an initially uneventful postoperative 
course, from the sixth postoperative day on- 
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Fig 2. Anteroposterior (A) and lateral (B) views of left 
ventricular injection in DOLV with p-position of the 
aorta (Patient 1). (Ao = aorta; PA = pulmonary ar- 
tery; LV = left ventricle.) 


ward a low cardiac output syndrome developed 
as a result of right heart failure, with con- 
sequent peripheral shutdown and incipient 
renal failure. Heart catheterization indicated a 
volume-overloaded right ventricle with a sys- 
tolic pressure of 62 mm Hg and an end-diastolic 
pressure of 22 mm Hg, aggravated by the 
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Fig 3. Anteroposterior (A) and lateral (B) views of right 
ventricular injection in DOLV with p-position of the 
aorta (Patient 1). (Ao = aorta; PA = pulmonary ar- 
tery; RV = right ventricle.) 


existing pulmonary incompetence. Subaortic 
stenosis with a gradient of 30 mm Hg was also 
found at this investigation, but it could not be 
approached surgically. In a second emergency 
operation undertaken on the eighth postopera- 
tive day, a No. 19 Hancock bioprosthetic valve 
was implanted into the pulmonary artery. Fol- 
lowing this procedure, the hemodynamic situ- 
ation improved considerably and the renal 
function returned to normal. After a stormy 
postoperative period with prolonged intuba- 
tion and ventilatory support, the child was dis- 
charged from the hospital ten weeks after the 
operation in good condition. The postoperative 
chest roentgenogram revealed an enlarged heart 
with the incorporated artificial valve in the 
pulmonary artery position; and clear lungs with 
no signs of a pleural effusion. 


Patient 2 

The second patient was born in December, 
1960, after a 43-week pregnancy with induced 
delivery. At the age of 3 days he was admitted 
to the hospital with dyspnea and cyanosis. At 
that time no further diagnostic measures were 





B 


undertaken, and the child was discharged on 
medical treatment. The first cardiac catheteri- 
zation, performed at 2 years of age, revealed 
the diagnosis of truncus arteriosus, which at 
that stage was considered to be inoperable. 
Ten years later, when the patient had reached 
age 12, a second heart catheterization was per- 
formed; this time the diagnosis of TGA with 
VSD was made. At a third investigation two 
years later, the associated lesion of irreversible 
pulmonary vascular disease was added to the 
diagnosis. Because of this condition, atrial in- 
version according to Mustard without closure of 
the VSD was planned as a palliative measure. 
Preoperatively the 16-year-old boy was in an 
impaired overall state of health. His working 
capacity was considerably reduced. On exam- 
ination he had severe central cyanosis and 
clubbing of the fingers. On auscultation, in ad- 
dition to a loud second heart sound, there was a 
diastolic murmur heard maximally at the right 
parasternal edge. The ECG (Fig 1B) showed 
right axis deviation, incomplete right bundle- 
branch block, signs of right ventricular hyper- 
trophy, and sinus bradycardia. The chest 
roentgenogram revealed considerably overfilled 
lungs with an enlarged heart. Immediately be- 
fore the operation, a final cardiac catheteriza- 
tion was performed (Table 2). The angiogram, 
which confirmed the diagnosis of TGA with a 
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Fig 4. Anteroposterior (A) and lateral (B) views of left 
ventricular injection in DOLV with -position of the 
aorta (Patient 2). (Ao = aorta; PA = pulmonary artery 
trunk; RPA = right pulmonary artery; LPA = left pul- 
monary artery; LV = left ventricle.) 


large VSD and pulmonary hypertension, is 
shown in Figure 4. In addition, however, sub- 
valvular pulmonary stenosis was found with a 
systolic pressure gradient of 40 mm Hg. 

At operation, on cardiopulmonary bypass, 
the heart was found to be biventricularly en- 
larged. Both the great arteries lay side by side 
and at the same level, the aorta being on the left 
of the pulmonary artery (Fig 5). A single coro- 
nary artery arose from the anterior coronary 
sinus and divided into three branches that ran 
fan-shaped across the myocardium of both 
ventricles. Cardiopulmonary bypass was in- 
stituted, and after a longitudinal incision of the 
anteriorly situated right ventricle, a large conus 
VSD was seen; through the VSD appeared the 
aortic valve, 80% of which belonged to the left 
ventricle. The subpulmonary stenosis took the 
form of a‘long subvalvular channel that ended 
inferior and posterior to the VSD in the left 
ventricle. Intracardiac repair consisted of clo- 
sure of the VSD with a prosthetic patch, leading 
to a DOLV with reconstructed ventricular sep- 
tum. Thereafter the pulmonary trunk was li- 
gated at its origin and the right ventricle con- 
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Fig 5. Intraoperative view of DOLV with -position of 
the aorta (Patient 2). Note the single coronary artery 
arising from the anterior sinus of the aorta. (Ao = 
aorta; PA = pulmonary artery; RAA = right atrial ap- 
pendage; Ant. V. = anterior (right) ventricle; SCA = 
single coronary artery.) 


nected to the distal pulmonary artery by inter- 
position of a No. 25 Hancock composite valved 
conduit. In order to prevent compression of the 
only coronary artery during closure of the ster- 
num, a relatively long conduit was chosen, 
which was then placed in the right hemithorax. 
The postoperative course was complicated by 
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Fig 6. Postoperative right ventricular angiogram of Pa- 
tient 2: anteroposterior (A) and lateral (B) views. The 
conduit is well outlined, with no major obstruction. 


renal failure during the first days and until the 
sixth week by right heart insufficiency that only 
gradually improved. Pleural effusions had to be 
aspirated twice, and because of fluid accumu- 
lation in the posterior pericardium, a pericar- 
dial drain was inserted by an operative ap- 
proach. Further medical treatment consisted of 
administration of digitalis and high doses of 
-diuretics and anticoagulants. The last were 
limited to a six-week period. On discharge 
eight weeks after the operation, the patient was 
in good condition without cyanosis but with 
persisting signs of right heart insufficiency. 
Cardiac catheterization performed five months 
postoperatively showed a faultless conduit 
with a well-functioning valve (Fig 6). The sys- 
tolic pressure in the right ventricle was 80 mm 
Hg and gradually fell along the conduit to 50 
mm Hg in the pulmonary artery. Systolic pres- 
sure in the left ventricle was 90 mm Hg, and 
arterial oxygen saturation was 92%. Thus, 
while the cyanosis had disappeared and the 
patient’s working capacity had considerably 
improved by his own account, the pressure 
load on the right ventricle remained unchanged 
after the operation. 





Comment 


Embryologically, the etiology of a DOLV is not 
yet exactly clear. The best explanation for the 
origin of both great arteries from the left ventri- 
cle is given by the so-called differential conal 
growth hypothesis [9, 15]. Of essential impor- 
tance is the conal musculature, which by its 
growth during normal development of the heart 
forms the subaortic and subpulmonary conus. 
Thus a left and right ventricular outflow tract, 
separated by the conus septum and the truncal 
septum, develops from the conus in connection 
with the truncal edges. In addition, the semilu- 
nar valves as well as the aortic and mitral valves 
are separated anatomically by the conal mus- 
culature. The importance of the conus in the 
embryogenesis of the heart justifies integration 
of this structure as a separate segment between 
the truncus and the ventricles according to the 
cardiac segmental units [8, 14]. 

Because of the bilateral (i.e., subaortic and 
subpulmonary) absence of growth of the con- 
al musculature in DOLV, separation of the 
semilunar valves does not take place. These 
valves both originate at the same level: in- 
feriorly and posteriorly from the base of the left 
ventricle. Similarly, direct continuity exists 
between the anterior leaflet of the mitral valve 
and both semilunar valves [4, 8, 9]. While the 
underdevelopment of the subaortic conus leads 
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to a posterior and inferior position of the aortic 
valve, which is connected to the left ventricle, 
hypoplasia of the subpulmonary conus results 
in a posterior and inferior position of the pul- 
monary valve, combined with an extremely 
hypoplastic or atretic infundibulum [2, 5]. An 
additionally existing subvalvular stenosis of 
one or both of the semilunar valves probably is 
the manifestation of a rudimentary conal sep- 
tum at the origin of the left ventricular outflow 
tract. 

The cases of DOLV previously described in 
the literature showed a wide variety of types 
with respect to the situs, atrioventricular re- 
lationship, position of the heart, position of 
the great arteries, localization of the VSD, and 
degree and location of the pulmonary stenosis 
(see Table 1). A DOLV with intact ventricular 
septum is very unusual and until now has only 
been described once [9]. The cases reported 
here can be defined as follows. The first patient 
had DOLV in situs solitus and atrioventricu- 
lar concordance with p-ventricular loop, D- 
position of the aorta, subaortic VSD, subvalvu- 
lar pulmonary stenosis, and atresia of the right 
ventricular outflow tract. The clinical symp- 
toms, with principal signs of central cyanosis 
and polycythemia, as well as the preoperative 
cardiac catheterization data were similar to the 
picture in Fallot’s tetralogy. The second case can 
be classified as- DOLV in situs solitus and 
atrioventricular concordance with pD-ventricular 
loop, L-position of the aorta, subaortic VSD, 
and subvalvular pulmonary stenosis. In this 
patient the results of angiocardiography resem- 
bled more those of TGA with VSD and left ven- 
tricular outflow tract obstruction. Only by an- 
giocardiography, but even then not always, can 
the diagnosis of DOLV be established. The fol- 
lowing aspects are particularly important for 
the correct diagnosis: a posterior and inferior 
position of both great arteries with their takeoff 
at the same ventricular level, a subaortic or 
subpulmonary VSD, a relatively small right 
ventricular chamber, and a subvalvular (seldom 
valvular) pulmonary stenosis. 

Depending on the individual anatomical 
structures, various possibilities exist for surgi- 
cal repair of a DOLV. The basic aim of the cor- 
` rective procedure is to direct the venous blood 


into tne pulmonary artery and to abolish the 
shunt at the ventricular level. The following 
methcds for surgical repair of a DOLV in situs 
solitus have been described: 


1. Closure of the VSD by an intraventricular 
conduit, leading the right ventricle to the 
pu monary artery [11]; this repair can only 
be made in patients with a large subpulmo- 
nary VSD and no pulmonary stenosis. 

2. Paich closure of the VSD and enlargement of 
the right ventricular outflow tract [5, 8] with 
a prosthetic gusset. 

3. Pazch closure of the VSD, suture ligation of 
the pulmonary valve or ligation of the pul- 
mcnary artery trunk, and implantation of a 
valved conduit for reinstitution of right 
ventricle-pulmonary artery continuity [2, 3, 
Te S40; 13] | 

4, Pacch closure of the VSD, suture ligation of 
the pulmonary valve, wedge resection of the 
infundibular musculature, and creation of a 
new right ventricular outflow tract with a 
prosthetic patch and implantation of a bio- 
logical valve into the pulmonary artery posi- 
tian. 


In the 2 patients described here, two different 
operative techniques were employed. Although 
the application of an extracardiac conduit has 
most often been used for surgical treatment of 
DOLY, [2, 3, 8, 13], we operated on the first 
patient following the principles of the Fallot re- 
pair. However, gross pulmonary incompetence 
resulied, which necessitated implantation of a 
bioprosthesis into the pulmonary artery. As 
soon as this procedure was performed, the pa- 
tient’s hemodynamic and clinical condition im- 
proved. It is therefore clear that a simple Fallot 
repaiz is not sufficient in such patients, in 
whem the right ventricle muscle mass (in con- 
trast zo the situation in Fallot’s tetralogy) is not 
able fo tolerate the resulting pulmonary incom- 
petercce. In the second patient, continuity be- 
tween the right ventricle and pulmonary artery 
was ~eestablished with an extracardiac valve- 
bearing conduit. In this patient, long-lasting 
postcperative right heart failure probably re- 
sulted from a diminution of its contractile mus- 
cle mass while the pressure load on the right 
ventricle remained systemic. This situation in 
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turn can be explained as a direct consequence of 
the right ventricular incision for construction of 
the anastomosis with the conduit and, presum- 
ably, by akinesia of the conduit itself in con- 
junction with persistence of elevated right 
ventricular pressure. Despite this pressure ele- 
vation, the right ventricle was able to compen- 
sate in time, and at the same time postoperative 
right heart failure improved. 

The 2 reported cases demonstrate that the 
congenital heart lesion of DOLV can take very 
different forms, which accordingly require in- 
dividual surgical treatment. Similar postopera- 
tive heart failure was seen after right ventricular 
outflow tract repair, both with persisting pul- 
monary valve incompetence and after implan- 
tation of a composite valved conduit. To the 
extent that the right ventricular muscle mass is 
impaired by the operation, postoperative 
treatment directed at preventing cardiac failure 
can improve right ventricular function. It is ob- 
vious, however, that implantation of a bic- 
prosthesis as a substitute for the pulmonary 
valve is of decisive importance for the hemo- 
dynamic status and thus for the operative 
results. 
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Posterior Midventricular 


Rupture after Mitral Valve Replacement 


Gordon Katske, M.D., Leonard R. Golding, M.D., Raymond R. Tubbs, D.O., 


and Floyd D. Loop, M.D. 


ABSTRACT Posterior midventricular rupture oc- 
curred in 3 patients after insertion of a mitral pros- 
thesis. Iatrogenic surgical trauma was not impli- 
cated. There were five clinical factors common to 
each case: a woman with mitral stenosis; a left ven- 
tricle of relatively normal size; the use of intermit- 
tent cold cardioplegia; the insertion of a porcine 
heterograft valve; and transient postoperative hy- 
pertension. Rupture in such cases may be caused 
by hyperdynamic left ventricular contraction against 
the strut of the prosthesis. Causes of ventricular per- 
foration are discussed. 


Rupture or perforation of the left ventricle asso- 
ciated with mitral valve replacement reportedly 
occurs in 0.5 to 2% of patients. In 1974, Trea- 
sure and co-workers [6] reviewed this unique 
complication and classified ventricular perfora- 
tion or rupture into two groups according to 
the anatomical location of the rent. In the first 
group, perforation occurred in the atrioven- 
tricular sulcus posteriorly, and in the second 
group, it occurred in the midportion of the left 
ventricle near the origin of the posterior papil- 
lary muscle. Previously, perforation near the 
atrioventricular sulcus was reported three times 
as frequently as midventricular rupture. When 
either type is recognized in the operating room, 
the reported mortality is 65%, but it may be 
higher since many cases are not reported. When 
posterior rupture occurs after operation in the 
intensive care unit, mortality approaches 100%. 
The overall prognosis appears to be worse for 
atrioventricular ruptures’ because of the close 
proximity of the circumflex coronary artery [1, 
5]. 
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The purpose of this paper is to report the 
cases of 3 patients with posterior midventricu- 
lar rupture associated with porcine heterograft 
mitral valve replacement. Features common to 
these incidents indicate that new causative 
factors may be related to this tragic complica- 
tion. 


Case Reports 

Patient 1 

A 57-year-old white woman who had increas- 
ing fatigue, shortness of breath, and heart 
murmur was hospitalized with acute pulmo- 
nary edema. Mitral stenosis was diagnosed, 
and the condition improved with medication. 
Approximately eighteen months later, the 
symptoms worsened. Cardiac catheterization 
showed severe calcific mitral stenosis, moderate 
pulmonary hypertension, and coronary ath- 
erosclerosis. Two months later she underwent 
mitral valve replacement under systemic hy- 
pothermia and cold cardioplegia. Calcifica- 
tion was restricted to the leaflets; the annulus 
was moderately enlarged. A No. 31 Hancock 
porcine xenograft prosthesis was inserted eas- 
ily. During chest closure, the patient became 
hypertensive and massive hemorrhage ensued. 
Exploration demonstrated perforation of the 
posterior midventricle, and the patient was re- 
cannulated and placed on cardiopulmonary 
bypass. The mitral valve was removed, and the 
left ventricular perforation was repaired from 
the endocardial surface. In addition, the epi- 
cardial surface of the left ventricle was also 
patched. A Starr-Edwards mitral prosthesis was 
inserted. Poor left ventricular contraction and 
low output were treated by appropriate phar- 
macological support and an intraaortic balloon 
pump. The patient’s hemodynamic status im- 
proved, and oxygenator support was discon- 
tinued. No further bleeding was noted, but 
thirty minutes after the patient was taken to the 
intensive care unit she experienced cardiac ar- 
rest from which she could not be resuscitated. 


Manat 
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Patient 2 

Four and one half years before operation, a 63- 
year-old white woman was found to have a 
heart murmur. Cardiac catheterization demon- 
strated mitral stenosis. Because of mild symp- 
toms, she was treated conservatively. Over the 
next 2 years, she noticed progressive deteriora- 
tion in exercise tolerance and increasing dys- 
pnea on exertion. She experienced two-pillow 
orthopnea and occasional paroxysmal nocturnal 
dyspnea. Three months before operation, an- 
other cardiac catheterization showed severe mi- 
tral stenosis, mild mitral insufficiency, trivial 
aortic regurgitation, and no coronary artery 
disease. Because of increasing symptoms, she 
underwent mitral valve replacement under 
systemic hypothermia (28°C) coupled with in- 
termittent cold cardioplegia. The surgeon noted 
moderate enlargement of the annulus and 
almost complete obliteration of the chordal 
mechanism, with no calcification. A No. 29 
Hancock porcine heterograft was inserted with- 
out difficulty. The immediate postoperative 
period was uneventful, but approximately 
six hours ,after operation she became hyper- 
tensive and experienced massive mediastinal 
hemorrhage. At reexploration in the intensive 
care unit, a 4- to 5-mm rent was seen on the 
posterior surface of the mid left ventricle. De- 
spite several attempts to repair this. perioration, 
the patient died of exsanguination. 


Patient 3 

A 57-year-old white woman had an 18-year 
history of mitral stenosis. The condition was 
first discovered at the time of a hysterectomy, 
and the diagnosis was confirmed by cardiac 
catheterization 17 years before this hospital 
admission. She was treated medically for 7 
years. After an episode of pulmonary edema, a 
closed mitral valve commissurotomy was per- 
formed. The immediate postoperative course 
was benign, the symptoms abated, and im- 
provement lasted for 9 years. Two years before 
this admission she noted increasing shortness 
of breath and decreasing exercise tolerance. 
One- to two-pillow orthopnea, occasional 
paroxysmal nocturnal dyspnea, and several epi- 
sodes of pulmonary edema developed, which 
were treated with digitalis and diuretics. Three 
months before operation, she underwent an- 


other cardiac catheterization, which demon- 


strated severe calcific mitral stenosis without 
evidence of mitral regurgitation. The aortic 
valve and coronary arteries were normal. Mitral 
valve replacement was performed under sys- 
temic hypothermia (28°C) and cold cardio- 
plegia. Calcification did not infiltrate the an- 
nulus. A No. 29 Hancock porcine heterograft 
prosthesis was inserted. In the immediate post- 
operative period, hypertension was managed 
by nitroprusside given intravenously. After 
five hours in the intensive care unit, the patient 
hemorrhaged massively and was immediately 
reexplored. Two 1-cm perforations were dis- 
covered in the posterior surface of the mid left 
ventricle. Attempts to close these rents were 
unsuccessful. 


Comment 

In a previous report by Zacharias and col- 
leagues [7], iatrogenic injury was proved or was 
strongly suspected in the majority of posterior 
perforations, all of which were located near the 
atrioventricular sulcus immediately beneath the 
posterior rim of the annulus. Causative factors 
of such perforation include the following: se- 
lection of a valve too large for the involved 
ventricle [6]; extensive calcification of the poste- 
rior mitral leaflet [6]; impalement of.a strut into 
the posterior wall muscle [6]; lacerátion of the 
posterior ventricular wall during division of the 
papillary muscle [7]; ligation of the main cir- 
cumflex coronary artery during valve replace- 
ment, resulting in posterior wall infarction and 
rupture [4]; and sudden elongation of the left 
ventricular outflow tract after the ventricle has 
been untethered from its normal attachment to 
the mitral annulus [2]. 

Specific maneuvers have been performed to 
avert injury to the posterior wall. In patients 
who require reoperation, adhesions are divided 
sharply and the left ventricle is not bluntly 
separated from its pericardial attachments. Cal- 
cium deposits are removed cautiously without 
entering the muscle outside the natural an- 
nulus. Shortened chordae tendineae are encir- 
cled with a hook [3] to effect retraction from the 
posterior wall before the division‘of these at- 
tachments. Only the tips of the papillary mus- 
cles are divided. When porcine heterografts are 
used, a small dental mirror is passed through 
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Posterior transverse left ventricular rupture approxi- 
mately 2 cm below the mitral orifice (arrows). 


the prosthesis orifice to ensure that valve su- 
tures are not inadvertently wrapped around the 
struts. The prosthesis is sized carefully to the 
annulus and lowered in place so that no impac- 
tion or scoring of the posterior ventricular wall 
occurs from the valve struts. 

In our 3 patients, iatrogenic injury, though 
initially suspected, was neither recognized nor 
confirmed. Although calcification was present 
in 2 of the 3 patients, it was not extensive and 
could not be related to the perforation. Expo- 
sure through a moderate-sized left atrium was 
excellent, valve excision was uncomplicated, 
and the size of the prosthesis was not consid- 
ered too large for the left ventricular chamber. 

Postmortem examination showed that the 
rupture in each heart was in a similar location 
(Figure). In the midportion of the posterior left 
ventricular wall, a large rent corresponded to 
the location of the posterior struts of the Han- 
cock prosthesis and the transverse myocardial 





fibers appeared torn, whereas the longitudinal 
fibers were separated and frayed. 

All patients who sustained a rupture of the 
midportion of the posterior left ventricle had 
five features in common: all were women; all 
had mitral stenosis and a left ventricle of rela- 
tively normal size; replacement was with a por- 
cine heterograft; a period of transient hyperten- 
sion occurred after operation either during or 
shortly before the rupture; and all underwent 
mitral valve replacement under hypothermic 
cardioplegia. A left ventricle of normal or nearly 
normal size coupled with postoperative hyper- 
tension producing a hyperdynamic left ventri- 
cle which contracts vigorously against the valve 
are thought to be the causative factors. The role 
of hypothermia plus cardioplegia is unknown. 
This combination of myocardial protection has 
been used in approximately 300 mitral valve re- 
placements without similar incidents. Posterior 
rupture of the left ventricle associated with mi- 
tral valve replacement is a highly lethal compli- 
cation. Awareness of the clinical setting during 
which this complication has occurred may aid 
in its recognition and prevention. 
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Surgical Treatment 


of Aneurysms of the Sinus of Valsalva 


Tatsuzo Tanabe, M.D., Akira Yokota, M.D., 


ABSTRACT From 1962 to 1976, 15 patients with 
aneurysms of the sinus of Valsalva underwent 
operative correction. All patients survived opera- 
tion. Follow-up has been carried out for as long as 
fifteen years (median, six years) after operation. 
There have been no late deaths and no recurrences, 
Aortic insufficiency, present in 2 patients before and 
in 2 after operation, remained well compensated and 
required no further aortic valve procedure. A double 
approach, that is, through both the aorta and the 
involved cardiac chamber, is recommended for suf- 
ficient correction. 


Aneurysms and fistulas of the sinus of Valsalva 


are rare. Because of their infrequency, the ex-. 


perience of any surgeon with these lesions is 
likely to be small. In order to provide additional 
understanding of one of these lesions, we are 
reporting our results in 15 patients who were 
operated on for ruptured or nonruptured aneu- 
rysm of the sinus of Valsalva. 


Material | 
From January, 1962, through December, 1976, 
15 patients with aneurysm of the sinus of Val- 


salva underwent operative correction at the. 


“Hokkaido University Hospital. Nine of the pa- 
tients were male and 6 were female, and they 
ranged from 3 to 46 years old (median age, 21.8 
years). In 10 patients ruptured aneurysm was 
found; in 5 patients the aneurysm had not 
ruptured. In 14 patients, the aneurysm occurred 
from the right coronary sinus and directed to 
the right ventricle. In 1 patient, the aneurysm 
occurred from the right coronary sinus and di- 
rected to the right atrium (Table 1). 

Associated cardiac anomalies were common. 

Thirteen patients had a ventricular septal defect 
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(VSD) 0.5 to 1.0 cm in diameter. Of these, 
10 patients had a supracristal VSD located be- 
neath the right coronary cusp of the aortic 
valve. Two patients had moderate aortic in- 
sufficiency. One patient had a complete atrio- 
ventricular block due to dissection into the 
septum. 

All patients were symptomatic. Easy fatig- 
ability, tachycardia, shortness of breath, and 
chest pain were the most common subjective . 
symptoms. Although it has been emphasized 
that rupture of an aneurysm often leads to sud- 
den onset of chest pain, only 1 of the 10 patients 
with ruptured aneurysm experienced this 
symptom. The auscultatory finding in all pa- 
tients with ruptured aneurysm was a loud, 
continuous murmur along the left sternal bor- 


der, with maximum intensity at the third inter- 


costal space. Patients with nonruptured aneu- 
rysm had loud, systolic murmurs. 

Cardiac enlargement was evident in 9 of 
the 10 patients with a ruptured aneurysm. 
The cardiothoracic ratio as seen on chest roent- 
génograms was about 60%. Most patients with 
nonruptured aneurysm showed no cardiac en- 
largement. The electrocardiogram revealed left 
ventricular hypertrophy in 5 patients, right 
ventricular hypertrophy in 2, and biventricular 
in 2. The other 6 patients had normal ECG 
tracings. For 1 patient, the ECG showed 
complete atrioventricular block; immediate im- 
plantation of a pacemaker was required on ad- 
mission. 

All the patients in this series had preopera- 
tive cardiac catheterization and angiocardiog- 
raphy. Catheterization data are presented in 
Table 2. Aortography was performed on 10 pa- 
tients with ruptured aneurysms and provided 
an accurate diagnosis in 7. Incorrect diagnosis 
of aortic insufficiency and VSD was made in 1 
patient and of patent ductus arteriosus in 1 pa- 


tient. In the patient with an aneurysm that had 


ruptured into the septum, it was also difficult to 
reach a correct diagnosis. Aortography was also 
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Table 1. Preoperative Diagnosis Compared with Operative Findings 
in 15 Patients with Aneurysm of the Sinus of Valsalva 


Patient 
No., Age Preoperative Operative Operative Results 
(yr), Sex Diagnosis Findings Approach Methods (follow-up, yr) 
RUPTURED ANEURYSM 
1.11,M PDA RS-RV, VSD RV Direct closure, Excellent (15) 
patch closure 
2. 16,M ASV, Al RS-RV, VSD RV and aorta Patch closure Excellent (12) 
3, 28, F ASV RS-RV, VSD RV Direct closure Excellent (10) 
4.7,M ASV RS-RV, VSD RV Direct closure Excellent (10) 
5.31, M ASV RS-RV, VSD RV Patch closure Excellent (9) 
6.19, F ASV RS-RV, VSD RV and aota Patch closure Good, AI (8) 
7.20,M ASV RS-RV, VSD RY and aora Direct closure Good, AI (6) 
8. 46, M Al, AV block RS-VS, Al RV and aora Patch closure Good, AI (6) 
9.41, M Al, VSD RS-RV, VSD, AI RV and aora Direct closure Good, AI (3) 
10.7,M VSD RS-RV, VSD RV Direct closure Good (1) 
NONRUPTURED ANEURYSM 
11. 21, F VSD RS-RV, VSD RV Direct closure Excellent (7) 
12. 3, F ASV RS-RA RA Direct closure Excellent (5) 
13. 16, F ASV RS-RV, VSD RV Direct closure Excellent (5) 
14. 38, M VSD RS-RV, VSD RV Direct closure Excellent (4) 
15. 23, F VSD RS-RV, VSD RV Direct closure, Excellent (2) 


patch closure 


PDA = patent ductus arteriosus; RS = right coronary sinus; RV = right ventricle; VSD = ventricular septal defect; ASV = aneurysm of the 
sinus of Valsalva; AI = aortic insufficiency; AV = atrioventricular; VS = ventricular septum; RA = right atrium. 


Table 2. Various Data on 15 Patients with Aneurysm of the Sirus of Valsalva 





Blocd Pressure 


CTR (%) (mm Hg) MPA 
Patient Ventricular Pressure 
No. Preop. Postop. Hypertrophy Preop. Postop. Q,/Q, (mm Heg) 
1 51 43 None 100/36 110/60 2.0 28/12 
2 55 50 Left 150/20 130/70 30/15 
3 57 44 Left 120/20 120/60 1.9 30/12 
4 68 59 None 140/0 140/70 1.7 30/10 
5 63 52 Right 134/50 130/70 2.6 62/18 
6°. 65 52 None 130/20 122/50. 2.0 50/20 
79 63 63 Both 162/0 140/30 2.9 70/24 
8 55 62 Left 120/46 116/50 26/12 
gb 72 55 Both 126/60 130/70 2.0 81/32 
10 50 54 Left 120/80 120/80 42/23 
11 48 48 None 110/64 120/70 16/2 
12 45 53 None 122/84 118/72 20/6 
13 44 43 Left 122/84 104/60 1.2 22/4 
14 59 52 None 132/70 120/70 14 40/12 
15 51 49 Right 120/18 120/50 1.5 30/9 





4Associated with postoperative aortic insufficiency. 
Associated with preoperative aortic insufficiency. 


CTR = cardiothoracic ratio as seen on chest roentgenogram; Q,/Q, = ratio oi pulmonary to systemic blood flow; MPA = 


main pulmonary artery. : 
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Sinus of Valsalva Aneurysms 





Operative finding and illustration of the surgical tech- 
nique. (A) Resection of the aneurysm. (B) Suture clo- 
sure of the defect. (C) Patch closure of the ventricular 
septal defect. The arrows point to the patch. 


performed on the 5 patients with nonruptured 
aneurysms, but apparent aneurysmal dilatation 
of the sinus of Valsalva could not be seen on 
aortography. These instances of dilatation, 
usually combined with VSD, were quite dif- 
ficult to differentiate from isolated VSD. 


Surgical Repair and Results 
All patients were operated on using extracor- 
poreal circulation and moderate hypothermia 
30°C). The standard incision was a median 
sternotomy. In all patients, the aneurysm was 
approached first through the chamber into 
which it was directed. A right ventriculotomy was 
performed in 14 patients and a right atriotomy 
in 1. In 5 patients, a double approach—through 
the aorta as well as the involved cardiac 
chamber—was used to avoid distortion of the 
aortic cusps during correction. | 

All nonruptured aneurysms were closed di- 
rectly with interrupted simple or mattress su- 
tures buttressed with felt when necessary. Of 
the 10 patients with ruptured aneurysms, 3 
underwent repair by direct closure, 3 by resec- 


tion of the aneurysm and direct closure, and 4 
by the resection of aneurysm and use of a Da- 
cron patch (Figure). The VSD was repaired by 
mattress sutures in 8 patients and by a separate 
patch in 4 patients. Aortic insufficiency in 2 pa- 
tients was not considered to be hemodynami- 
cally significant, and aortic valve operation was 
not performed. 

AH 15 patients survived operation. Aortic 
insufficiency as an immediate postoperative 
complication appeared in 2 patients. There 
have been no late deaths and no recurrences. 
Late follow-up data on all patients covers a pe- 
riod of one to fifteen years (average follow-up, 
six years). Aortic insufficiency in 4 patients in 
New York Heart Association Functional Class II 
(2 before and 2 after operation) remained un- 
changed and required no further aortic valve 
procedure. 


Comment 

Aneurysms of the sinus of Valsalva are rare and 
represent only 2% of the congenital heart dis- 
eases seen at our institute during the study pe- 
riod. In early reports, the lesion was thought to 
result from bacterial endocarditis. However, it 
is now believed that most of these aneurysms 
are congenital in origin. Several authors [5, 6, 9] 
suggested that the basic lesion is not a lack of 
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continuity between the aortic media and the 
annulus fibrosus, as was proposed by Edwards 
and Burchell [2], but rather a developmental 
structural defect of the annulus itself. 

The characteristic continuous murmur was 
heard frequently in our series. Roentgenograms 
of the chest and ECG were not particularly valu- 
able. At the present time, a correct and accurate 
diagnosis of ruptured aneurysm can be ob- 
tained with the help of cardiac catheterization 
and retrograde aortography. 

An unruptured aneurysm can remain un- 
diagnosed unless it is associated with a hemo- 
dynamically significant cardiac lesion (most 
frequently involving a VSD) [3]. 

Placement of the sutures in repairing the de- 
fect requires great care in order to avoid recur- 
rence of the aneurysm and creation of aortic 
insufficiency. We prefer to approach the aneu- 
rysm through the chamber into which it is di- 
rected, but it is possible to distort the aortic 
cusps during correction of the defects. Some 
authors suggest a routine exposure through 
both a right ventriculotomy and an aortotomy 
whereas others advocate an aortic approach 
alone [1, 4, 7, 8, 10]. In our experience aortic 
insufficiency appeared postoperatively in 2 pa- 
tients and seems to be related to direct closure 
of the defect and distortion of the aortic cusps. 
We now recommend a double approach, that is, 
through both the aorta and the involved cardiac 
chamber. These patients with aortic insuffi- 
ciency may eventually require an additional 
aortic valve operation. However, we have not 
noted a progressive increase in aortic incom- 


petence in any of our patients. Aortic valve op- 
eration should be restricted to patients in New 
York Heart Association Functional Class III or 
IV who have severe regurgitation. 
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Hemodynamic Effects of Various Modes of Cardiac Pacing 


after Operation for Idiopathic Hypertrophic Subaortic Stenosi: 


Richard J. Shemin, M.D., William C. Scott, M.D., David G. Kastl, M.D., 


and Andrew G. Morrow, M.D. 


ABSTRACT The hemodynamic effects of varying 
heart rate and pacing site were studied in 6 patients 
with idiopathic hypertrophic subaortic stenosis 
following operative relief of outflow obstruction. 
Ventricular pacing (117 beats per minute) resulted 
in a 26% decrease in cardiac output (p < 0.02), a 
54% increase in pulmonary capillary wedge pres- 
sure (p < 0.03), and a 23% decrease in mean blood 
pressure (p < 0.05), compared with normal sinus 
rhythm (88 beats per minute). Slow atrial pacing 
(112 beats per minute) did not significantly alter 
any hemodynamic variable compared with normal 
sinus rhythm. Rapid atrial pacing (143 beats per 
minute) produced a similar degree of hemodynamic 
impairment as ventricular pacing. This study dem- 
onstrates that ventricular pacing at heart rates com- 
monly used clinically and rapid atrial rates result in 
a significant fall in cardiac output. Preservation of 
atrial systole at heart rates that allow adequate dias- 
tolic ventricular filling of a hypertrophied, non- 
compliant ventricle is stressed. In addition, atrial 
electrodes are useful to record atrial electrograms or 
induce rapid atrial stimulation to treat supraven- 
tricular tachyarrhythmias. 


Idiopathic hypertrophic subaortic stenosis 
(IHSS) is a genetically transmitted disease of 
cardiac muscle characterized by dispropor- 


. tionate thickening of the interventricular sep- 


tum with respect to the posterobasal left ven- 
tricular wall [1, 2, 5, 6, 9, 10, 18]. Patients with 
IHSS are usually symptomatic and at cardiac 
catheterization are found to have obstruction to 
the left ventricular outflow, either under basal 
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conditions or after various provocative inter- 
ventions. Severely symptomatic patients with 
IHSS and obstruction to outflow are initially 
treated with beta-adrenergic blocking agents, 
but if symptoms are not relieved operative 
treatment is usually recommended [16]. To 
date, the operative experience at the National 
Heart, Lung, and Blood Institute includes 227 
patients who have had left ventriculomyot- 
omy and myectomy to relieve the outflow tract: 
obstruction. In these patients the postopera- 
tive period has often been complicated by ar- 
rhythmias. Supraventricular tachyarrhythmias 
have been the most common and often have 
led to acute hemodynamic deterioration. Slow 
junctional rhythm or transient complete heart 
block has been observed also. Temporary pac- 
ing electrodes are placed at operation, and 
pacing is sometimes required in the postopera- 
tive period. In this study, the effects of varying 
the heart rate and pacing site on cardiac he- 
modynamics were evaluated in patients with 
IHSS following operative relief of outflow 
obstruction. 


Methods 

Three men and 3 women ranging from 25 to 62 
years old were studied (Table). Preoperatively, 
all patients were in New York Heart Associa- 
tion Functional Class III. Five of the 6 patients 
at cardiac catheterization had left ventricular 
outflow tract gradients equal to or greater than 
50 mm Hg at rest. The other patient had no 
gradient at rest but a large outflow gradient 
developed with provocation (i.e., Valsalva ma- 
neuver or administration of isoproterenol or 
amyl nitrite). In each patient the hypertrophied 
septum was incised, and a portion of it was 
resected by methods described elsewhere [15, 
16]. Intraoperative measurements of the left 
ventricular and radial arterial pressures were 
carried out in all patients after the myotomy 
and myectomy had been completed and car- 
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Characteristics of the Patient Population 


. Preoperative 
Preoperative Gradient 
Patient NYHA 
No., Sex, Functional At Stimu- 
Age (yr) Class Rest lated 
125 Il 110 ar 
2. 38 Il 50 110 
3. M, 62 Itt 0 * 12 
å. M, 58 HI 155 
5. M, 41 Hi 120 
6. F,49 M 125 


NYHA = New York Heart Association. 


diopulmonary bypass had been discontinued. 
Temporary bipolar electrodes were attached to 
the right atrium and right ventricle at opera- 
tion, and were exteriorized through the chest 
wall. A triple-lumen Swan-Ganz (Edwards Lab- 
oratories) thermodilution catheter was floated 
into the pulmonary artery to measure pul- 
monary capillary wedge pressure, right 
atrial préssure, and cardiac output. Systemic 
blood pressure was measured through a radial 
artery catheter. The pressures weré measured 
using fluid-filled catheters and Statham P23Db 
strain-gauge transducers. 

Cardiac output was measured by the ther- 
modilution method following the rapid hand 
injection of 10 ml of 0°C 5% dextrose. Output 
was computed by an Edwards cardiac output 
computer (model 9510A). Each measurement 
was an average of three or four injections. Pres- 
sure measurements and cardiac outputs were 
carried out during normal sinus rhythm (88 + 4 
beats per minute), slow atrial pacing (112 + 3 
beats per minute), rapid atrial pacing (143 + 8 
beats per minute), and ventricular pacing (117 
+ 7 beats per minute). The effects of rapid ven- 
tricular pacing could not be studied because of 
the profound hypotension it induced. All de- 
terminations were made 12 to 18 hours after op- 
eration. 


Results 

In each patient, relief of outflow obstruction 
was documented by two findings: no measur- 
able outflow tract gradient was present at the 
conclusion of the operation, and the arterial 
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Fig 1. Effects of rhythm and rate on measured 
hemodynanic variables. All error bars represent stan- 
dard error about the mean. (PCW = mean pulmonary 
capillary wedge pressure; NSR = normal sinus rhythm; 
SAP = slow atrial pace; RAP = rapid atrial pace; VP 
= ventricutar pace.) 


pulse pressure increased normally after an in- 
duced extrasystole [4]. 

Ventriclar pacing (117 beats per minute) was 
hemodynamically detrimental in all patients’ 
compared. with normal sinus rhythm (average 
rate, 8& beats per minute). There was an aver- 
age 26% cecrease in cardiac output (p < 0.02), 
associated. with a 54% increase in pulmonary 
capillary wedge pressure (p < 0.03) and a 
23% decrease in mean blood pressure (p < 0.05) 
(Fig 1). Atrial pacing at 112 beats per minute 
did not significantly alter any hemodynamic 
variable in comparison to normal sinus rhythm. 

The effect of pacing site was determined by 
comparing ventricular pacing (117 beats per 
minute) with slow atrial pacing (112 beats per 
minute) (Fiz 2). In all patients, ventricular pac- 
ing resulted in hemodynamic deterioration 
compared with atrial pacing at similar rates. 
Cardiac output decreased an average of 27% (p 
< 0.02), and pulmonary capillary wedge pres- 
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Fig 2. Effect of slow atrial pacing and ventricular 
pacing on cardiac output. 


sure increased an average of 54% (p < 0.05). 
The severity of hèmodynamic impairment was 
similar with rapid atrial pacing (143 beats per 
minute) arid ventricular pacing (117 beats per 
minute). 

The hemodynamic effects of incréasing the 
supraventricular heart rate by atrial pacing from 
normal sinus rhythm (88 beats per minute) to 
slow atrial pressure (112 beats per minute) did 
not change mean blood pressure, pulmonary 
capillary wedge pressure, or cardiac output. A 
further increase in rate with rapid atrial pacing 
(143 beats per minute) resulted in a 11% fall in 
mean blood pressure (p < 0.05). Marked 
hypotension (blood pressure < 60 mm Hg) as- 
sociated with a 35% increase in pulmonary 
capillary wedge pressure and an 18% decrease 
in cardiac output developed in 2 patients. Fig- 
ure 1 illustrates the results of rhythm and rate 
for all hemodynamic variables measured. 


Comment 

After successful left ventriculomyotomy and 
myectomy for IHSS the obstructive component 
of the disease is alleviated. However, the my- 
opathic left ventricle continues to be thick- 
walled and noncompliant, and the propensity 
for paroxysmal supraventricular tachyarrhyth- 


mias, slow junctional rhythm, and complete 
heart block remains to complicate postoperative 
management. When faced with bradyarrhyth- 
mias or complete heart block, most cardiac sur- 
geons use temporary ventricular electrodes to 
maintain adequate heart rate and cardiac out- 
put after operation. It has been demonstrated 
that the atrial contribution to stroke volume 
and cardiac output in the normal heart is be- 
tween 15 and 20% [7, 19]. In hypertrophied 
noncompliant ventricles, atrial systole becomes 
increasingly important to augment ventricular 
filling and end-diastolic volume, thus op- 
titnizing cardiac output [3, 8, 11, 12, 20]. 

This study demonstrates that ventricular 
pacing at heart rates commonly used clinically 
results in a significant fall in catdiac output and 
hypotension, presumably owing to loss of atrial 
systole. By instituting atrial pacing, the pa- 
tient’s hemodynamic state can be brought back 
to baseline. If complete heart block is present 
after operation, atrioventricular sequential pac- 
ing can be used to reinstitute a supraventric- 
ular rhythm, thus providing better diastolic 
filling than ventricular pacing alone. 

The most common postoperative arrhythmia 
in patients with IHSS is paroxysmal supraven- 
tricular tachycardia resulting in hemodynamic 
deterioration: This study demionstrated that 
atrial rates of approximately 150 beats per 
minute, comparable to clinical rates of supra- 
ventricular tachycardia, resulted in decreased 
cardiac output, hypotension, and rising left 
ventricular filling pressure. Even though atrial 
systole continues with rapid atrial pacing, the 
diastolic filling time is too short to allow opti- 
mal ventricular filling in a hypertrophied, non- 
compliant ventricle. 

Atrial electrodes have proved useful during 
tachycardia to help identify the site of origin of 
the supraventricular impulse; an atrial electro- 
gram is recorded from them. Atrial electrodes 
can also be used therapeutically in conjunction 
with a pulse generator capable of 1,000 pulses 
per minute. Rapid atrial stimulation has been a 
particularly useful method to convert atrial 
flutter and atrial tachycardia to normal sinus 
rhythm, or to increase the degree of heart block, 
thus slowing ventricular response [13, 14, 17]. 

In conclusion, the optimal postoperative 
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management of patients with IHSS and a non- 
compliant hypertrophied ventricle requires the 
placement of temporary atrial electrodes as well 
as ventricular electrodes. Bradyarrhythmias are 
handled best with supraventricular pacing. An 
aggressive approach to tachyarrhythmias is es- 
sential. In addition, atrial electrodes aid in 
diagnosis and treatment. 
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Myocardial Hypertrophy: 


The Distribution of Cell Growth 
within the Layers of the Myocardium 


Tomas A. Salerno, F.R.C.S.(C), Harry M. Shizgal, M.D., 


and Anthony R. C. Dobell, M.D. 


ABSTRACT The spatial distribution of radioac- 
tively labeled microspheres was studied in normal 
and in experimentally hypertrophied hearts of adult 
pigs. The hearts had been “tagged” with micro- 
spheres when the pigs were young. When the adult 
animal was killed, the spatial distribution of the 
microspheres was identical in the normal and in the 
hypertrophied hearts. This demonstrates that 
hypertrophic growth had occurred evenly through- 
out all layers of the myocardium. 


Left ventricular hypertrophy is experimentally 
produced in animals by banding the ascending 
aorta [10, 14, 16, 19]. Does hypertrophic growth 
occur evenly in all layers of the stressed myo- 
cardium? The experiments described here were 
designed to answer this question. | 


Materials and Methods 

Twenty-one Poland-China pigs 4 + 0.3 weeks 
old and weighing 9.0 + 0.8 kg were selected for 
the experiments. The 7 control animals were 
anesthetized with Pentothal (sodium thiopen- 
_tal), intubated, and connected to a positive- 
pressure respirator. Under sterile conditions, a 
small left anterolateral thoracotomy was per- 
formed. The pericardium was opened, and 
10 uc of strontium 85 carbonized microspheres” 
measuring 15 + 5 u was injected into the left 
atrium. These microspheres lodge in the pre- 
capillary arterioles of the myocardium acting as 
“markers” within the myocardium and are dis- 
tributed as a percent of the cardiac output [8, 9, 
20]. The animals were allowed to live until they 
were 18 weeks old (44 + 6.0 kg). Then they 
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underwent a second thoracotomy during which 
12 uc of niobium 95 microspheres was injected 
into the left atrium. One hour later each animal 
was killed. The free wall of the left ventricle was 
divided into subepicardial, midmyocardial, 
and subendocardial layers of equal thickness. 
Light microscopy was performed in each layer 
of the myocardium. Each layer was then 
minced, dried for 48 hours, weighed, and 
counted in a Packard Tricarb Liquid Scintilla- 
tion Counter. The activity of each layer per 
gram of dry tissue was calculated using a com- 
puter program to solve simultaneous equations 
and ratios of epicardium to endocardium and of 
endocardium to midmyocardium. In addition, 
the percent of cardiac output to each of the 
three layers was calculated since the total num- 
ber of counts was determined. 

The 14 experimental animals were subjected 
to similar procedures. Strontium 85 micro- 
spheres were injected into the left atrium, as in 
the control animals, but half an hour after injec- 
tion the ascending aorta was banded above 
the aortic valve until the left ventricle—as- 
cending aorta gradient was 8 to 12 mm Hg. By 
studying the spatial distribution of these mi- 
crospheres in normal and hypertrophied hearts 
it was possible to determine where cell growth 
had taken place within the myocardium. Before 
death each animal received a second injection 
of niobium 95 microspheres. Pressure gradients 
across the aortic stenosis measured 40 to 90 mm 
Hg (mean, 68 mm Hg). Tissue handling was as 
in the control animals. 


Results 

The mean heart weight/body weight ratio was 
4.90 + 0.88 (+ standard error of the mean) for | 
the control animals and 8.41 + 2.01 for the ex- 
perimental animals (Figure). Seven pigs in the 
experimental group died (subacute bacterial 
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Heart Weight 
Body Weight 





O 


Bonded 


Normal 


Degree of myocardial hypertrophy in normal and 
banded adult hearts of pigs. (J = standard error 
of the mean.) 


endocarditis in 2, severe congestive heart fail- 
ure in 1, sudden death in 2, and erosion of the 


band into the aorta in 2). 
By light microscopy alone, differential cell 


growth in any one particular layer could not be 
distinguished, although the banded hearts had 
uniform myocardial cell hypertrophy. The spa- 
tial distribution of the strontium 85 micro- 
spheres at 18 weeks was similar in both groups 
of animals (Table 1). These microspheres were 
injected into the left atrium when the pigs were 


4 weeks old and therefore were lodged in the - 


precapillary arterioles while the myocardium 
was undergoing hypertrophy in the banded 
animals. Differential growth of the inner layer 
would have resulted in a less dense concentra- 
tion of microspheres in the inner third of the 
hypertrophied myocardium, which would have 
led to a decrease in the ratio of endocardium to 
midmyocardium and an increase in the ratio of 
epicardium to endocardium. However, these 
results did not occur. The endocardium/mid- 
myocardium ratio of counts per minute was 
0.84 + 0.03 in the hypertrophied group and 0.83 
+ 0.04 in the control group. This difference was 
not statistically significant. In addition, the 
mean ratios of epicardium to endocardium, of 
epicardium to midmyocardium, and of endo- 
cardium to midmyocardium were not signif- 
icantly different (see Table 1). 


Coronary blood flow, expressed as a percent. 


Table 1. Distribution of Microspheres 
(Strontium 85) Injected into the Hearts 
of 4~-Week-Old Pigs and Counted 14 Weeks Later 





Control Experimental 
Ratios (+ SEM) (Banded) p Value? 
EpvEndo 0.84 + 0.05 0.83 + 0.06 NS 
Epi/Mid 0.81+0.06 0.80 + 0.04 NS 
Endo/Mid 0.83 + 0.04 0.84 + 0.03 NS 


‘Student ¢ test. 
SEM = standard error of the mean; Epi = epicardium; 


` Endo = endocardium; NS = not statistically significant; 


Mid = midmyocardium. 


Table 2. Myocardial Blood Flow as a Percentage 
of the Cardiac Output 


Age Experimental 

(wk) Control (Banded) p Value? 
4 6.80 + 1.10 7.10 + 1.40 NS 

18 8.60 + 1.30 10.70 + 2.1 NS 


@Student t test. 
NS = not statistically significant. 


of cardiac output (Table 2) was slightly greater 
in the hypertrophied group both at 4 and 18 
weeks. These differences were not statistically 
significant. 


Comment 
In both the development and regression of left 
ventricular hypertrophy, the number of cardiac: 
cells remains unchanged [2, 12, 17, 21]. Their 
size alone is altered [12]. The number of capil- 
laries per surface area in the hypertrophied 
myocardium is thought to be either decreased 
[15] or unchanged [18] compared with normal 
hearts, whereas the ratio of capillaries to the 
cross-sectional area of the muscle fibers is rela- 
tively constant during hypertrophic growth 
[15]. Collagen content increases while the heart 
is enlarging during constriction of the aorta [6]. 
The subendocardium is particularly vulner- 
able to ischemia. Although factors such as in- 
creased tissue pressure from surface to deeper 
areas of the myocardium [3-5], and decreased 
oxygen tension from epicardium to endocar- 
dium [11] with a concurrent decrease in blood 
flow to the deeper layers [1, 7, 13] have been 
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postulated as causative agents, the possibility 
of the deeper layers of the myocardium hyper- 
trophying more than the surface areas has not, 
to our knowledge, been clearly demonstrated. 
The present experiments indicate that each 
layer of the myocardium hypertrophies equally 
and to the same degree during constriction of 
the ascending aorta. The stimulus for hyper- 
trophy, therefore, must act in myocardial cells 
of all levels of the heart. Ischemia of the deeper 
layers cannot be explained by hypertrophy 
alone because it appears that all myocardial 
cells are equally hypertrophied. 
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Cardiac Lymph in Electrical 


Ventricular Fibrillation: An Experimental Study 
Akira Taira, M.D.,.Masafumi Yamashita, M.D., Kazuhiro Arikawa, M.D., 
Yoshiomi. Hamada, M.D., Hitoshi Toyohira, M.D. and Hachinen Akita, M.D. 


ABSTRACT The flow velocity of cardiac lymph 
during electrical ventricular fibrillation under nor- 
mothermic cardiopulmonary bypass was studied ex- 
perimentally in dogs. The time needed for the car- 
diac lymph node to become stained after injection of 
dye into the apex myocardium of the left ventricle 
was measured as an indicator in determining flow 
velocity of cardiac lymph. The flow velocity was 
markedly decelerated immediately after the com- 
mencement of.electrical ventricular fibrillation. It 
was accelerated, however, after 2 hours of continu- 
ous electrical ventricular fibrillation. The difference 
between the two values was significant (p < 0.01). 
Absent contractility of the heart influenced the de- 
celeration of flow velocity of cardiac lymph immedi- 
ately after the commencement of electrical ventricu- 
lar fibrillation. Acceleration after 2 hours involved 
stasis of cardiac lymph as a result of absent contrac- 
tility and increment of lymph production due to the 
nonphysiological condition of the myocardium. 


It is said that cardiac lymph reflects metabolic 
changes of the heart more sensitively than does 
coronary sinus blood [3, 10, 14]. Because of in- 
applicability in practice, however, cardiac 
lymph has not been studied thoroughly, and 
much about it remains obscure. We attempted 
an experimental observation of cardiac lymph 
during electrical ventricular fibrillation under 
normothermic cardiopulmonary bypass. The 
data revealed close correlation between dy- 
namic and physiological characteristics of the 
heart’ and electrical ventricular fibrillation. 
The results of this experiment were consis- 
tent with those we had expected, based on our 
results from a previous experimental study of 
cardiac lymph on the beating heart. 


From the Department of Surgery, Kagoshima University 
School of Medicine, Kagoshima City, Japan. 


Accepted for publication Aug 1, 1978. 


Address reprint requests to Dr. Taira, Department of Sur- 
gery, Kagoshima University School of Medicine, 1208-1 
Usuki-Cho Kagoshima City 890, Japan. ` 


Materials and Methods 

Thirty mongrel dogs weighing 8 to 18 kg were 
used to study the flow velocity of cardiac lymph 
during electrical ventricular fibrillation under 
normo:hermic cardiopulmonary bypass. The 
animals were anesthetized with thiamylal ad- 
ministered intravenously and supplemented 
with succinylcholine chloride. Controlled respi- 
ration using a Harvard respirator with ambient 
air was maintained until the commencement of 
cardiopulmonary bypass. Arterial blood pres- 
sure was measured by a Statham pressure 
transducer and was inscribed on a recorder 
with a ead II electrocardiogram. A right thora- 
cotomy was performed in the fourth inter- 
costal space. The extracorporeal circuit util- 
ized a sheet oxygenator, equipped with roller 
pumps and a heat exchanger. The circuit was 
primed with diluted homologous blood (hemat- 
ocrit of 30%, obtained by adding a proper 
dose of lactated Ringer’s solution). Electri- 
cal ventricular fibrillation for 2 hours was in- 
duced by direct current stimulation (8.0 volts). | 
Perfusion was instituted without caval tour- 
niquets Dreventing distention of the right side 
of the heart. Left ventricular venting was 
achievec for adequate decompression during 
electrical ventricular fibrillation. Flow rate in 
perfusion was kept at 100 mi per kilogram of 
body we_ght per minute. Subsequent perfusion 
pressure ranged from 70 to 100 mm Hg. Data on 
blood gases during perfusion were as follows: 
PaO», 275 to 417 mm Hg; PaCOz, 22 to 30 mm 
Hg; and 2H, 7.5 to 7.6. An e penmenia, setup 
is shown in the Figure. 

The time needed for the cardiac lymph node 
to becom=2 stained after injection of dye (0.3 to 
0.5 ml of -ndia ink per 100 gm of left ventricular 
weight) into the apex myocardium of the left 


' ventricle was measured as an indicator in de- 


termining flow velocity of cardiac lymph. With 
this metFod, stained cardiac lymph traverses 
lymphatic pathways of the left ventricle and 
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Ii. common 
carotid a. 







Pressure 


An experimental model. The heart was fibrillated by di- 
rect current continuous stimulation during cardiopul- 
monary bypass. Staining time of the cardiac lymph node 
after injection of dye into the apex myocardium of the 
left ventricle was measured. (Ao. = aorta; Lt. common 
carotid a. = left common carotid artery.) 


delineates the cardiac lymph node selectively 
[14]. Measurement of the time was done by one 
of us (M. Y.). In 20 out of the 30 dogs, the 
measurement was done immediately after the 
commencement of electrical ventricular fibrilla- 
tion. In the remaining 10 dogs, it was made 
after 2 hours of continuous electrical ventricular 
fibrillation. The data from the two groups were 
compared. They were compared also with data 
from our previous experiment in which the ef- 
‘fects of cardiac contractility and myocardial 
congestion on the dynamics of cardiac lymph 
were observed in the beating heart. From that 
study, data from the control group (16 dogs), 


Monitoring . 


from the group that underwent hyperoxygena- 
tion (14 dogs), dnd from the group that had 
coronary sinus ligature (10 dogs) were used. 
Blood gases during hyperoxygenation versus 
perfusion, and myocardial congestion after 
coronary sinus ligature versus the condition of 
the myocardium after continuous electrical 
ventricular fibrillation for two hours were the 
comparative groups. 


Results | 

The dye injected into the apex myocardium of 
the left ventricle delineated the cardiac lymph 
node after 417 + 114 seconds (standard devia- 
tion) for the measurement made immediately 
following commencement of electrical ventric- 
ular fibrillation (20 dogs). However, it was 
shortened to 115 + 45 seconds for the mea- 
surement. done after 2 hours of continuous 
electrical ventricular fibrillation (10 dogs). This 
change of flow velocity of cardiac lymph was 
noticeable, revealing an obvious alteration from 
deceleration to acceleration with 2 hours of 
continuous electrical ventricular fibrillation. A 
statistically significant difference was observed 
between these two values (p < 0.01). In the 
comparative study with our previous experi- 
ment on the beating heart, the value of 417 + 
114 seconds was the longest in all groups. How- 
ever, that of 115 + 45 seconds was second, fol- 
lowing the shortest value of 77 + 41 seconds 
in the group with coronary sinus ligature 
(Table 1). Statistical studies (p < 0.01) of the 
time difference between beating and fibrillating 
hearts are summarized in Table 2. If was appar- 
ent that the flow velocity of cardiac lymph 


Table 1. Flow Velocity of Cardiac Lymph and Related Hemodynamics 


l LV 

Time LV dP/dt pressure 
Group No. of Dogs (sec)? (mm He/sec) (mm Hg) 
Control | 1 . 16 137 £ 53 2,428 + 1,033 152 + 39 
Hyperoxygenation © 4 227 +112. 2,373 + 1,014 102 + 26 
Coronary sinus ligature (congestion) . -10 . whee Al 2,590 + 1,213 117 + 43° 
EVF immediately after commencement... -.20 417 + 114 
EVF after2hr ~ 7 rene P10 115+ 45 


Bae. Fides 
Rh ta zaa? 





o omn 


*Valyes = mean + standard deviation. 


EVF = electrical ventricular fibrillation; LV dP/dt = maximum rate of rise of left ventricular pressure; LV pressure = left 


ventricular pressure. 
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Table 2. Statistical sis of the Flow Velocities of Cardiac Lymph® 


Hyperoxy- 
Group Control  genation 
Control + 
Hyperoxygenation + 
Coronary sinus ligature + + 
EVF at commencement + + 
EVF at 2 hr =- + 


a4 = statistically signitan difference w < 0. 01}; — 
EVF = electrical ventricular filbrillation. 


under electrical ventricular fibrillation revealed 
characteristic changes. 


Comment 
Celis and co-workers [3] established that car- 
diac lymph flow exists even during ventricular 
fibrillation. Ullal and associates [13] observed a 
decrease in cardiac lymph flow during ven- 
tricular fibrillation and a sudden increase after 
restoration of the cardiac beat. Copeland and 
colleagues [4] noted rapidly diminishing edema 
of the cardiac graft preserved for 24 to 48 hours 
under a nonbeating condition, following resto- 
ration of cardiac beat. Leeds [8] and Miller [9] 
and their co-workers observed augmentation 
of cardiac lymph production in congested 
myocardium. In our previous studies on 
the beating heart, flow velocity of cardiac 
lymph was accelerated by augmentation of car- 
diac contractility and congestion of the myocar- 
dium [11, 12]. Recent studies on the physiology 
of ventricular fibrillation involved impairment 
of the blood flow of the subendocardium [1, 2, 
5-7).. Strength of electrical stimulation, coro- 
nary perfusion ; pressure, temperature of the 
myocardium, and intracavitary pressure of the 
cardiac chambers are all factors attributable to 
subendocardial impairment of blood flow. 
During electrical ventricular fibrillation, it is 
reasonable to presume that cardiac lymph is 
closely connected to myocardial edema and ab- 
sent contractility of the heart. Certainly, the 
unphysiological condition of the myocardium 
is related to an increment in cardiac lymph pro- 
duction. In addition, absent contractility of the 
heart leads to a detrimental situation in time. 
Therefore, the experimental result of cardiac 


Coronary Side EVF at EVF at 
Ligature Commencement 2 Hr 
+ + — 
+ + + 
~}- ee 
+ + 
= $ 


= statistically insignificant difference. 


lymph under electrical ventricular fibrillation 
can be explained as follows: Marked decelera- 
tion of flow velocity of cardiac lymph at the 
commencement of electrical ventricular fibrilla- 
tion is the result of absent contractility. Accel- 
eration of flow velocity in the measurement 
after 2 hours of fibrillation resulted from ac- 
cumulation of cardiac lymph due to absent 
contractility with increment of lymph produc- 
tion under nonphysiological condition of the 
fibrillating heart. This study of cardiac lymph 
demonstrates. one problem of electrical ven- 
tricular fibrillation in clinical cardiac proce- 
dures. 
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paper, with a 1-inch left margin, and limited to 
200 words. All slides used during the presenta- 
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ABSTRACT Pulmonary valve replacement is an 
uncommon surgical procedure, yet lifesaving when 
performed under the appropriate circumstances. The 
patient reported on here had the classic indications 
for valve replacement: increased pulmonary vascular 
resistance and associated pulmonary valve incom- 
petence following repair of a congenital heart defect 
resulting in right heart failure and secondary tricus- 
pid insufficiency. A review of the literature provides 
the basis for the decision to replace the pulmon- 
ary valve with a glutaraldehyde-preserved porcine 
heterograft. 


Before the advent of cardiac valve homografts 
and valved conduits, plastic procedures of the 
right ventricular outflow tract were limited by 
considerations of pulmonary incompetence. 
Reconstructive procedures have included infun- 
dibular myomectomy, pulmonary valvotomy, 
and patch grafting. Currently, the glutaralde- 
hyde-preserved porcine aortic heterograft 
offers an additional modality for the recon- 
struction of the right ventricular outflow tract. 
The feport of a patient with a ventricular 
septal defect and pulmonary artery stenosis 
secondary to pulmonary artery banding is pre- 
sented. Pulmonary valve replacement with a 
porcine aortic heterograft was performed fol- 
lowing the reconstructive procedure and was 
necessitated by the development of pulmonary 
valve insufficiency, right heart failure, and 
tricuspid insufficiency. 
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Case Report 

A 10-year-old white girl was first noted to have 
congenital cardiac disease when she was 3 
montFs old. A diagnosis of ventricular septal 
defect and pulmonary hypertension was made; 
pulmcnary artery banding was performed 
when she was 3 years old. Cardiac catheteriza- 
tion following that procedure demonstrated a 
gradient across the band site and moderate 
pulmonary hypertension. Repeat catheteriza- 
tion six years later revealed a ventricular septal 
defect with a bidirectional shunt that was pre- 
dominantly left-to-right. There was a44 mm Hg 
gradient across the band. Right ventricular and 
aortic systolic pressures were equal. The pul- 
monary valve cusps were moderately thick- 
ened, and there was mild poststenotic dilatation 
of the pulmonary artery. Pulmonary vascular 
resistance was one-half systemic vascular re- 
sistance but responded to oxygen and Pris- 
coline (tolazoline). 

Subsequently, through an atriotomy, the ven- 
tricula- septal defect was closed with a Tef- 
lon fel: patch. The pulmonary artery band was 
removed, but a circumferential obstruction per-* 
sisted _n the region of the pulmonary valve. The 
pulmonary artery was opened longitudinally, 
and the pulmonary valve was found to be thick- 
ened and fibrotic. One commissure was in- 
cised end a portion of the anterior leaflet was 
removed. The annulus was not incised. A 
pericardial patch was placed to enlarge the site 
of banding. 

The immediate postoperative course was un- 
remarkable, and the patient was discharged 
seven days following operation; however, she 
returned eight weeks later with shortness of 
breath and excessive weight gain. Physical ex- 
amination revealed a patient in moderate dis- 
tress, with signs of congestive heart faijure 
including ascites, hepatomegaly, and jugular ve- 
nous distention. Cardiac examination revealed 
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The heterograft was placed in the proximal portion 
of the main pulmonary artery. The natural valve offered 
little obstruction to forward flow and was left intact. 


a normal first heart sound followed inconsis- 
tently by a pulmonary ejection click and a single 
second heart sound. There was a grade 3/6 pul- 
monary ejection murmur and a grade 3/6 dias- 
tolic murmur at the left sternal border. An 
echocardiogram demonstrated paradoxical sep- 
tal movement suggestive of right ventricular 
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overload. Thoracic roentgenogram revealed car- 
diomegaly with normal pulmonary vascula- 
ture. 

The patient was treated with digoxin, 
furosemide, and fluid restriction, but showed 
little improvement. Cardiac catheterization 
verified that the ventricular septal defect was 
closed. The right ventricular end-diastolic and 
right atrial pressures were elevated. The major 
hemodynamic findings were pulmonary and 
tricuspid valve incompetence. 

The patient underwent reoperation shortly 
thereafter. The pulmonary artery was opened 
and the incompetent pulmonary valve was in- 
spected. Since it offered little obstruction to 
forward flow, it was not excised. A No. 21 
glutaraldehyde-preserved porcine aortic hetero- 
graft was sewn into the pulmonary artery above 
the valve (Figure). After closure of the arte- 
riotomy and cessation of bypass, the aortic 
systolic pressure was 85 mm Hg while the pul- 
monary arterial and right ventricular systolic 
pressures were 35 mm Hg. Pulmonary arterial 
diastolic pressure was 18 mm Hg, right ven- 
tricular diastolic pressure was 7 mm Hg, 
and central venous pressure was 10 ml blood. 
After operation, a massive diuresis developed. 
Hepatomegaly and ascites resolved. Cardiac 
catheterization was performed 22 months fol- 
lowing valve replacement at which time the pa- 
tient was asymptomatic. The results (Table) re- 
vealed complete closure of the ventricular septal 
defect, persistently elevated pulmonary vascu- 
lar resistance, and mild stenosis of the Hancock 
porcine heterograft with associated mild tricus- 


Data from Catheterization Performed before and 22 Months 


after Valve Replacement 


OO 


Before Valve 
Replacement 


Measurement 


Right atrial pressure 


20 mm Hg (mean) 


Following Valve 
Replacement 


6 mm Hg (mean) 


Right ventricular pressure 75/25 mm Hg 90/0 mm Hg 
Pulmonary artery pressure 75/25 mm Hg 69/39 mm Hg 

Total pulmonary resistance 1,200 dyne/secicm */m” 970 dyne/sec/cm */m? 
R,/R, 0.5 0.57 

Pulmonary valve area ae 1;3-em* 

Pulmonary capillary wedge pressure 6 (mean) 8 (mean) 


R,/R, = systemic/pulmonary resistance ratio. 
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pid insufficiency. Right ventriculogram re- 
vealed a normally functioning porcine valve 
and minimal tricuspid insufficiency. 


Comment 

Experimentally produced pulmonary valve in- 
sufficiency by enlargement of the pulmonary 
annulus or excision of the pulmonary valve in 
normal dogs has been well tolerated [7, 28, 45, 
51, 53]. Other studies have shown that severe 
pulmonary insufficiency is not benign [5, 20, 
22, 35, 48]. In a study of experimentally pro- 
duced pulmonary insufficiency in dogs, Bender 
and associates [8] concluded that there is no 
acute deleterious effect on the right ventricle. 
Under these circumstances, however, for the 
heart to maintain net forward output, in- 
creased filling pressure is necessary. 

In patients, pulmonary incompetence as an 
isolated lesion has been reported to be well tol- 
erated [11, 16, 17, 21, 38]. Following surgical 
relief of pulmonary stenosis, some degree of 
pulmonary incompetence is inevitable and the 
effects, even chronically, have been reported 
to be benign [10, 25, 27, 54]. However, the 
experience has not been uniform. Campbell 
[13], reporting on a series of 46 patients after 
pulmonary valvotomy, cautioned that post- 
Operative pulmonary incompetence prevented 
resolution of right ventricular enlargement. In 
the fetus or neonate, pulmonary valve insuffi- 
ciency is poorly tolerated because of the ele- 
vated pulmonary resistance in this age group 
[92]; 

Among patients who have undergone repair 
of tetralogy of Fallot and have been studied 
hemodynamically, pulmonary insufficiency is 
a frequent finding. With few exceptions, it has 
not caused symptoms [2, 6, 12, 19, 33, 34, 36, 
40, 55]. In a report on 43 patients following re- 
pair of tetralogy of Fallot, patients in whom the 
right-sided systolic gradient was eliminated 
but in whom pulmonary insufficiency was pro- 
duced, cardiac output was depressed and mor- 
tality was increased [43]. In another study of 
patients after repair of tetralogy of Fallot, exer- 
cise testing was performed and elevated right 
ventricular end-diastolic pressures were re- 
corded in patients with pulmonary insuffi- 
ciency [24]. In addition, a report from the Mayo 


Clinic [1] suggested that pulmonary incompe- 
tence is an invariable concomitant of valvotomy 
or plastic repair of the outflow tract and ques- 
tioned the long-term adaptive capacity of the 
right ventricle to persistent pulmonary regur- 
gitation. 

In recognition of the need for correction of 
pulmonary incompetence and in response to 
the demands of correction of complex cardiac 
defects, pulmonary valve replacement has been 
reported increasingly. In 1964 Lillehei and col- 
leagues [39] reported the use of a prosthetic 
cusp on a right ventricular outflow patch. Mar- 
chand [41] used an aortic patch bearing one or 
two cusps. On the basis of experimental work 
by Rastelli [46] and Arai [4] and their co- 
workers, an aortic homograft has been utilized 
as a pulmonary valve in treatment of both tet- 
ralogy of Fallot with atretic pulmonary valve 
and tetralogy of Fallot with pulmonary incom- 
petence from congenital absence of the valve. 

Pulmonary valve replacement with aortic ho- 
mografts was reported in 4 patients with tetral- 
ogy defect [58]. One of these patients died of 
endocarditis of the homograft, but the other 3 
survived. In that report, Weldon and associates 
[58] described three factors for consideration in 
pulmonary valve replacement for pulmonary 
incompetence: (1) the degree of anatomical 
valve malformation; (2) the diastolic gradient 
between the pulmonary artery and the right 
ventricle; and (3) the compliance of the right 
ventricle. ` 

The syndrome of absent pulmonary valve has 
also been treated with aortic homograft place- 
ment [37, 49]. McGoon [42] and Rastelli [47] and 
their colleagues have described correction of 
truncus arteriosus with an aortic homograft. 
Trusler and co-workers [57] reported on 8 chil- 
dren and Angell and associates [3] on 7, who 
received aortic homografts for tricuspid and 
pulmonary insufficiency. In follow-up studies 
up to five years, Trusler and colleagues [57] 
noted frequent calcification of the aortic 
homograft valves. 

Other methods have been used for replace- 
ment of the pulmonary valve. Pulmonary valve 
homografts have been used by two group, [18, 
23]. Pierce and co-workers [44] compared aortic 
and pulmonary valve porcine heterografts for 
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right ventricular outflow reconstruction in the 
dog. After one year no leaflet destruction was 
noted in pulmonary heterografts, whereas at 
least one leaflet in each aortic heterograft was 
markedly distorted and nonfunctional. In addi- 
tion, calcification of aortic graft leaflets was 
noted. Imamura and associates [29, 30] have 
placed porcine pulmonary heterografts in dogs 
and in man. 

Fascia lata grafts have been utilized with in- 
consistent results. Some were stenosed post- 
operatively (31, 32]. Others revealed contracture 
and regurgitation [50]. Trusler and associates 
[57] reported 1 patient who received a fascia lata 
graft and had moderate pulmonary incompe- 
tence after eighteen months. 

Trusler and co-workers [56] also reported the 
use of a trileaflet pericardial valve. Although 
the initial results were satisfactory, they have 
apparently stopped using this type of valve be- 
cause animal experiments have uniformly re- 
sulted in marked leaflet fibrosis and thickening. 
Horiuchi and colleagues [26] reported a series of 
7 patients in whom a valve prosthesis of 
pericardium was used with early success. Au- 
tologous vein mounted in a Dacron tube has 
been used in the reconstruction of the right 
ventricular outflow tract in calves [15]. 
Follow-up after one year is encouraging. 

Carpentier and co-workers [14] reported on 
11 patients in whom the pulmonary valve 
was replaced with a glutaraldehyde-preserved 


" heterograft, but no conduit was inserted. Eight 


patients had absent pulmonary valves, 2 had 
tetralogy of Fallot with pulmonary dysplasia, 
and 1 had pulmonary valve incompetence. Of 
the 8 patients with absent pulmonary valves, 1 
died of right heart failure following operation. 
The remaining patients were asymptomatic 
following operation with regression of right 
ventricular hypertrophy as démonstrated by 
electrocardiography and decrease in heart size 
as shown by roentgenography. A diastolic 
murmur of moderate intensity was heard in 1 
patient. In 2 patients ‘followed for five years, 
cardiac catheterization revealed gradients of 15 
to 20 mm Hg across the pulmonary valve in 
each, normal pulmonary artery pressure, and 
no pulmonary insufficiency. Of those patients 
who received porcine aortic heterografts for re- 


pair of tetralogy with pulmonary dysplasia, 1 
underwent cardiac catheterization one year 
following operation. In this patient there was a 
25 mm Hg gradient across the right ventricular 
outflow tract and no valve insufficiency as 
demonstrated by angiography. Another patient 
in this group was hospitalized one year fol- 
lowing the operation because of severe right- 
sided cardiac failure. Catheterization revealed a 
right ventricular pressure of 135/50 mm Hg. It 
was not possible to pass the catheter across the 
pulmonary valve. At reoperation the cusps of 
the heterograft were noted to be calcified and 
perforated. In addition, Binet [9] reported pul- 
monary valve replacement with porcine aortic 
heterografts in 5 patients. In 4 the heterografts 
are incompetent or only slightly insufficient. 
In conclusion, the results of pulmonary valve 
replacement are divergent. However, replace- 
ment with a glutaraldehyde-preserved porcine 
aortic heterograft in this low-pressure position 
has generally offered excellent short-term func- 
tion with freedom from thromboembolic 
phenomena in the few patients in which it has 
been used. The long-term interpretations are 
clearly cautious owing to the frequently re- 
ported complication of stenosis of the valve 
leaflets with subsequent calcification and in- 
competence. Because of the inability to offer 
projected function over a long period and the 
apparently well-tolerated condition of long- 
term pulmonary insufficiency, strict indications 
for pulmonary valve replacement are necessary. 
In the face of an incompetent pulmonary valve, 
these indications include the demonstration of 
increased pulmonary vascular resistance and 
right ventricular failure. Under these condi- 
tions, replacement of the pulmonary valve with 
a glutaraldehyde-preserved xenograft is pres- 
ently the most beneficial alternative. 
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Unilateral Pulmonary 


Emphysema 


Created by Ligation of the Left 
Pulmonary Artery in Newborn Puppies 


William C. DeVries, M.D., Anthony V. Seaber, 


and Will C. Sealy, M.D. 


ABSTRACT The left pulmonary artery was ligated 
in 7 puppies 12 to 24 hours after birth. All were fol- 
lowed by periodic chest roentgenograms. At 6 
months of age, ventilatory spaces, split-lung func- 
tion, and static compliances were determined. Bron- 
chograms and arteriograms were obtained, and his- 
topathology was studied. All animals demonstrated 
a decrease in left lung size with gross and micro- 
scopic changes typical of chronic emphysema. There 
was impressive bronchial artery hypertrophy. Oxy- 
gen consumption and static compliances in the left 
lungs were depressed. These marked alterations in 
maturation, as well as the degenerative changes, are 
believed to be related to an impairment in the nutri- 
tive circulation of the lung. 


In the mid 1800s, Virchow [18] clearly demon- 
strated that one could acutely ligate one branch 
of the pulmonary artery without causing necro- 
sis of the lung parenchyma if the lung had ade- 
quate bronchial arterial circulation. He also 
showed that changes of chronic obstruction of 
the pulmonary artery branch to one lobe would 
cause increased development in the bronchial 
arteries to that lobe. Miller, in 1925, demon- 
strated anatomical connections between these 
two systems in the precapillary and postcapil- 
lary areas [19]. Over the years, the pulmonary 
arteries have been ligated in man for treatment 
of pulmonary tuberculosis [18], bronchiectasis 
[16], inoperable carcinoma, and uncontrollable 
hemorrhage [17] as well as through mistaken 
identity [15]. Many experiments have been 
done on adult dogs in which one pulmonary 
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artery was ligated. This produced bronchial ar- 
tery proliferation and a lung that was two- 
thirds the size of the normal lung but without 
emphysema [7-10]. 

This study, in which the pulmonary artery to 
the left lung was ligated in newborn puppies, 
revealed an adverse effect on lung development 
that was pronounced and unexpected. 


Material and Methods 

Seven healthy puppies, resulting from uncom- 
plicated and uneventful delivery by 5 mongrel 
dogs, were obtained for this study 12 to 24 
hours after birth. The puppies were anes- 
thetized with open-drop halothane and were 
intubated and sustained on an intratracheal 
Fluothane and oxygen mixture. A left thora- 
cotomy was performed, followed by ligation 
of the left pulmonary artery. All puppies had 
uneventful postoperative courses. Follow-up was 
By periodic roentgenograms. 

At 6 months of age the dogs were anes- 
thetized intravenously with 25 mg per kilogram 
of sodium pentothal. A Carlen’s dividing en- * 
dotracheal tube was then placed in the bron- 
chus. The right and left whole lung compliances 
were determined by manually expanding the 
lungs while recording intratracheal pressures. 
Split-lung oxygen consumption studies were 
obtained by differential spirometry: While dogs 
were spontaneously ventilating into a spi- 
rometer at am inspired oxygen fraction (F1O,) 
of 1.0, the Po, and Pco. values were simultane- 
ously determined from samples of the pulmo- 
nary artery, femoral artery, and expiratory air. 
These values were used to calculate tidal vol- 
ume, oxygen consumption, ventilatory dead 
space, and cardiac output. Pulmonary arterio- 
grams were obtained with injections of 76% 
Renografin into the pulmonary artery. Tantalum 
bronchograms were performed under direct 
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fluoroscopy. The animals were then killed, and 
the lungs were inflated under normal volumes 
and pressures and then fixed in formalin for 
gross and microscopic examination. One week 
before the 6-month protocol, 1 animal was 
studied by xenon 133 perfusion and ventilation 
studies. 


Results 

Interval chest roentgenograms showed progres- 
sive loss of volume in the ligated side and 
mediastinal displacement toward the affected 
side in dogs as early as 2 months of age. At 6 
months the volume loss was estimated at ap- 
proximately 30% of that of the right side. The 
pulmonary parenchyma showed increased 
translucency in the left lung. All pulmonary ar- 
teriograms confirmed complete ligation of the 
left pulmonary artery, with hypertrophy of the 
right upper and right cardiac lobes to compen- 
sate for the loss of left lung volume. This 
hypertrophy resulted in total lung volumes es- 
sentially within the normal range for a 6- 
month-old dog (Fig 1). Right heart and pulmo- 
nary artery pressures were all within normal 
range. 

Bronchograms showed normal development 
of size and configuration of all major air pas- 
sages. In most cases, the left lung bronchogram 
showed a distinctive “pruned tree” appearance 
after the fourth or fifth bronchial divisions, 
with an apparent decrease in number and 
‘caliber of the branching terminals (see Fig 1). 

Pathologically, all left lungs showed gross 
cystic changes of varying degrees in lung 
parenchyma. Figure 2 shows cystic emphysema 
involving the entire left lung in 2 animals. Five 
other animals showed cystic changes present 
mainly in the left lower lobe. All animals had an 
extensive plexus of left hilar bronchial arteries 
originating from the aorta and the intercostal, 
esophageal, internal mammary, subclavian, 
and phrenic arteries. These vessels could be 
seen extending out prominently onto the vis- 
ceral pleura (Fig 3). 
showed dilated 
thin-walled alveolar units with sparsely popu- 
lated capillary systems. Alveolar walls appeared 
hyperinflated and in some cases totally ruptured 
(Fig 4). All distal bronchi appeared dilated and 


Microscopic examination 
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Fig 1. Bronchogram of dog whose left pulmonary artery 
was ligated at birth. “Pruned-tree” appearance on 
the left. 





Fig 2. Gross demonstration of cystic changes involving 
the entire left lung of a 6-month-old dog. 


encapsulated by a rich plexus of dilated mus- 
cular bronchial arteries. The pulmonary arteries 
at any given level were hypoplastic, with the 
cross-sectional area of the bronchial arteries ex- 
ceeding by several times the area of the pulmo- 
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Fig 3. Prominent bronchial arteries present on the li- 
gated lung surface and in its hilum. 


nary artery at the corresponding level. The 
xenon 133 perfusion and washout, performed 
in only 1 animal, showed decreased left lung 
volume with a dramatic delay in xenon washout 
to the ligated side (Figs 5, 6). These findings in- 
dicated diffuse distal air trapping. Static com- 
pliance was markedly decreased in all lungs 
with ligated pulmonary arteries (Fig 7). 
Differential spirometry in all animals demon- 
strated only a slight uptake of oxygen on the 
ligated side when both lungs were ventilated at 
an FiO, of 1.0. One dog (shown in Fig 8) was 
made hypoxic (PaO, of 38 mmm Hg) by ventilat- 
ing the right lung with 100% nitrogen while the 
left lung was ventilated with 100% oxygen. 
Oxygen consumption on the ligated side in- 
creased dramatically from 18 ml per minute to 
over 100 ml per minute. All dogs showed a 
similar response. Bronchial artery flow in this 
dog was calculated by an indirect Fick method 
as suggested by Liebow and associates [8]. This 
resulted in a calculated bronchial artery flow of 


3.8 liters per minute compared to a cardiac out- 
put of 5.0 liters per minute. It must be recog- 
nized, hcwever, that the dog was hypoxic dur- 
ing the determination and that indirect Fick 
measurements are extremely inaccurate in de- 
termining cardiac output in the presence of a 
large left-to-right shunt. 

Table 1 shows results from the split-lung’ 
ventilatory studies. Tidal volume was uni- 
formly decreased in all ligated sides. End- 
expiratory Pco, was within normal ranges in 
right lungs. End-expiratory Pco, on the ligated 
side ranged from 2 to 13 mm Hg, demonstrating 
some functional carbon dioxide exchange, pre- 
sumably secondary to bronchial artery flow. 
PaCO, remained in normal ranges, and the total 
vital capacities were within normal limits. 
Table 2 shows that cardiac outputs obtained by 
the Fick method were within normal ranges for 
6-month-old dogs when both lungs were venti- 
lated with an FiO, of 1.0. 


Comment 
The most striking changes resulting from 
ligating the left pulmonary artery were the cys- 
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Fig 4. Typical microscopic changes of hyperinflation 
with thin alveolar walls. (A) Right control lung, as 
compared to (B) ligated side. (Original magnification 
x130.) 
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Fig 5. Xenon 133 ventilation perfusion study in a dog 
tested at 6 months, showing decreased ventilation and 
perfiision volumes in (A) left lung and (B) right lung. 
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Fig 6. Xenon 133 washout and ventilation curves in a 
6-month-old dog, demonstrating distal air trapping. 
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Fig 7. Static compliances measured in all 7 dogs, demon- 
strating striking differences between the right and left 
lungs. 


tic pulmonary parenchymal changes and the 
marked increase in number and size of the 
bronchial arteries. The latter change has been 
noted in pulmonary artery agenesis, congenital 
cyanotic disease, and chronic suppurative lung 
disease [3, 12]. In some patients with congenital 
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Fig 8. Typical differential spirometry study showing the 
effects of anoxia on oxygen consumption in the lung 
with a ligated pulmonary artery. 


heart disease, bronchial artery flow may reach 
alarmingly high levels. Adult dogs with ligated 
pulmonary arteries show flows as high as 
one-third of the cardiac output [9]. The bron- 
chial arterial system very likely proliferates to 
the greatest degree in the first weeks. In spite of 
the eventual great increase, it is interesting to 
note that there must be a resistance system 
between the bronchial artery and capillary bed, 
since pulmonary edema does not occur. This 
indicates that pulmonary capillary pressure is 
less than colloid osmotic pressure. The bron- 
chial artery system usually participates only in 
pulmonary parenchymal nourishment in man,° 
but in patients with pulmonary artery agenesis, 
it may be vital for oxygenation of the patient by 
its connection to the pulmonary arterial capil- 
laries [5]. This fact is readily apparent from Fig- 
ure 2. 

Left ventricular hypertrophy was not present 
in these dogs despite their large shunts. This 
finding has been borne out by several other in- 
vestigators [2, 5, 6, 14]. Of note also was the 
absence of pulmonary artery hypertension or 
right ventricular hypertrophy. It is generally ac- 
cepted that up to 80% of the pulmonary bed 
must be occluded before an increase in pulmo- 
nary artery pressure is initiated [1, 5]. 

In this study, not only has a marked allra- 
tion occurred in the maturation of the lung, but 
degenerative changes also have been produced 


. 


159 DeVries, Seaber, and Sealy: Unilateral Pulmonary Emphysema 


Table 1. Split Function Ventilatory Studies 





Dog TV PaCO, 
No. Lung (cc) (mm/Hg) 
3802 R 160 36 
L 75 
3639 R T 22B 50 
L 104 
3409 R 200 30 
L 100 
3598 R 100 38 
L 80 
3830 R 200 32 
L 100 
3597 R 180 52 
L 100 
3636 R 150 52 
L 80 
Mean R 155 41 
L 91 


PECO, Vp Alveolar 
(mm/Hg) (cc) Ventilation 
6.0 128 32 
2.0 68 6.5 
24.0 111 115 
13.0 94 6.5 
20.0 60 140 
2.0 80 20 
10.0 70 30 
6.0 64 14 
20.0 88 112 
8.0 80 20 
8.4 105 75 
3.3 90 10 
24.0 78 75 
7.0 64 16 
16.0 94 64.1 
6.0 77 13.8 





TV = tidal volume; PaCO, = partial pressure of arterial carbon dioxide; PeCO, = partial pressure of carbon dioxide of 


end-expiratory air; Vp = ventilatory dead space. 


Table 2. Perfusion Studies 


Fick 

Dog PaO, PvO. CaO; CvO, C(a-v)O, Vo: Method 
No. (mm/Hg) (mm/Hg) . (vol/100 mi) (vol/100 ml) (vol/100 ml) (cc/min) CO (L/min) 
3502 236 50 20.2 14.7 5.5 255 5.0 

3639 510 48 21.6 15.5 6.1 260 4.3 

3409 268 42 18.7 11.8 7.0 - 250 - 3.6 

3598 312 41 19.9 11.5 6.4 210 SE 

3836 444 52 21.7 16.6 6.1 320 52 

3597 352 50 20.7 14.7 6.0 250 4.1 

3636 173 49 20.0 14.7 5.3 210 3.9 


PaO, = partial pressure of arterial oxygen; PvO, = partial pressure of mixed venous oxygen; CaO, = oxygen content of 
arterial blood; CvO, = oxygen content of venous blood; C{a-v)O, = arteriovenous difference of oxygen; Vo: = oxygen 


consumption; CO = cardiac output. 


by permanent occlusion of the pulmonary ar- 
tery in newborn puppies. This distinct change 
was unexpected and was so extensive that a 
planned study of alveoli counts had to be aban- 
doned. Four pulmonary alterations were noted. 
A loss of lung volume occurred on the side of 
the pulmonary artery occlusion. Peters and as- 
sociates [13] reported a one-third decrease in 
the size of a lung in a 2-year-old dog in which 
the Sulmonary artery had been ligated at an 
early age. Bronchograms revealed that the distal 
bronchi had a “pruned-tree’”’ appearance with 


failure of small bronchi and bronchioli to fill. 
Grossly visible emphysematous cysts were pres- 
ent, with microscopic evidence of breakdown 
of the alveolar walls. Finally, marked prolifera- 
tion of the bronchial arterial circulation oc- 
curred. 

The studies of pulmonary function revealed 
changes consistent with the gross changes 
noted in lungs with an occluded pulmonary 
artery. These were the decrease in static com- 
pliance, delayed washout of xenon, and di- 
minished lung volume. There was a consider- 
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able increase in uptake of oxygen on the ligated 
pulmonary artery side when the opposite good 
side was ventilated with nitrogen. This makes 
it very likely that the marked increase in bron- 
chial arterial flow perfused the alveoli. 

In the normal development of the lung, one 
expects the preacinar or conducting pathways 
to be fully developed at birth while the alveoli 
that arise from them continue to increase in size 
and number. This period of growth may last for 
nearly eight years in man [11]. It is our belief 
that development of the lung was suddenly 
stopped by the pulmonary artery occlusion. In 
addition, however, there was loss of alveolar 
septa and cyst formation, indicating interfer- 
ence with nutrition as well. This change, how- 
ever, was the only one noted that would indi- 
cate impairment in the nutritive circulation to 
the lung, for there was no mucosal or bronchial 
wall change suggesting degeneration. Another 
point of interest is that in the dog, the bronchial 
arteries end at the bronchioles. Thus, with the 
pulmonary artery occluded, there could be 
enough interference with blood supply distal to 
this point to explain the microscopic changes. 

In.man, there are examples of unilateral pul- 
monary artery occlusion in which the lung does 
have some of the features noted in these dogs. 
The collateral bronchial arteries are greatly in- 
creased, resulting in hemoptysis when there is 
bronchial infection [10]. The bronchi in them 
show abnormalities in bronchography not un- 
like those described here. The recent reports of 
DeTroyer and colleagues [4] show the decrease 
in lung size in pulmonary valvular stenosis. 
Early closure of the ductus arteriosus after 
birth, before bronchial collaterals are fully de- 
veloped, might explain this change, based on 
our experimental observation. 
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Systemic Air Embolization from Penetrating Lung Injury 


George H. Meier, B.A., William J. Wood, B.S., and Panagiotis N. Symbas, M.D. 


ABSTRACT This study evaluates the role of in- 
creased intratracheal pressure in developing sys- 
temic air embolization. Twenty healthy mongrel 
dogs were monitored for air embolization, both by 
means of an extracorporeal arteriovenous shunt con- 
structed from transparent plastic tubing for vi- 
sualization of air emboli and by means of a Doppler 
flow probe implanted at the root of the aorta. Sys- 
temic arterial, left atrial, intratracheal, and intra- 
pleural pressures were recorded. In 10 of the dogs, a 
penetrating wound of the lung 1 cm wide by 4 cm 
deep was produced; in 5 the chest was left open and 
in 5 the chest was closed. The remaining 10 dogs 
served as controls (with no wound of the lung); in 5 
the chest was left open and in the other 5 the chest 
was closed. 

No air embolization occurred in any animals at 
intratracheal pressures less than 65 mm Hg. How- 
ever, systemic air embolization occurred in every 
dog in all groups upon hyperinflation of the lung 
above 65 mm Hg. The control groups differed from 
the groups with penetrating wound only in the 
quantity of embolized air. 

This study suggests that hyperinflation of the lung 
to an intratracheal pressure above 65 mm Hg results 


in systemic air embolization and that the presence of 


a penetrating wound of the lung at such intratracheal 
.pressure predisposes to a greater quantity of air em- 
bolization. 


In the past, the occurrence of systemic air em- 
bolization following penetrating lung trauma, 
both experimentally [7, 9] and clinically [1, 8], 
has been the subject of considerable debate. 
Previous studies in our laboratory have failed to 
demonstrate systemic air embolization follow- 
ing a stab wound of the lung in anesthetized 
animals with normal intratracheal pressures [9]. 
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Other laboratories, however, have found an in- 
cidence of 71% systemic air embolization in 
dogs with stab wound of the lung [7]. The pres- 
ent study was undertaken to determine the 
role of increasing intratracheal pressures in the 
production of systemic arterial air emboliza- 
tion. 


Material and Methods 

Twenty healthy mongrel dogs with a mean 
weight of 17.6 kg were used for the study; they 
were divided into four study groups of 5 dogs 
each. In Group 1 animals, the lungs were in- 
termittently hyperinflated up to intratracheal 
pressures of about 100 mm Hg; in Group 2 ani- 
mals, the lungs were similarly hyperinflated 
after a penetrating wound of the left upper lobe 
was created; both groups were studied with the 
chest open. Groups 3 and 4 were identical to 
Groups 1 and 2, respectively, except that the 
chest was closed before progressive hyperin- 
flation of the lung to intratracheal pressures 
of about 125 mm Hg was instituted. 

All animals were anesthetized intravenously 
with sodium pentobarbital and ventilated with 
a Harvard respirator through an orotracheal 
tube. The right femoral vein and artery and the 
left common carotid artery were dissected and 
the heart exposed through a left anterolateral 
thoracotomy at the fourth intercostal space. A 
left atrial pressure catheter (1.2 mm inner 
diameter) was inserted through the left atrial 
appendage, and the sensing probe of a Model 
811 ultrasonic Doppler probe was implanted 
beneath the aortic fat pad over the ascending 
aorta. The intratracheal pressure from the oro- 
tracheal tube, the systemic arterial pressure 
from the right femoral artery, the left atrial 
pressure from the left atrial catheter, and, in the 
closed chest dogs, the esophageal pressure were 
all recorded on a DR-8 Electronics for Medicine 
recorder (Fig 1). The ultrasonic Doppler probe 
output was amplified and ‘similarly recorded, 
along with the electrocardiogram. A 3.0-mm 
arterial cannula was inserted in the left common 
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Fig 1. The experimental preparation. 


carotid artery and a3.5-mm cannula in the right 
femoral vein. These two cannulas were previ- 
ously connected with polyvinylchloride tubing 
(6.5 mm inner diameter) primed with heparin 
and normal saline solution (1,000 USP units per 
250 ml). The flow probe of an electromagnetic 
flowmeter was interposed in the center of the 
tubing to monitor the patency of the extracor- 
poreal arteriovenous shunt between the carotid 
artery and the femoral vein at all times during 
the experiment. 

In the groups with penetrating wounds of the 
lung, after the lungs were momentarily held in 
full inspiration a stab wound 1 cm wide and 4 
cm deep: was made in the left upper lobe. In 
Groups 3 and 4 the chest was closed in layers, 
with care taken to achieve an airtight seal. In- 
trapleural pressure was. monitored by a fluid- 
filled tube (4 mm-inner diameter) placed trans- 
orally in the thoracic esophagus. The thoracic 
on -was constantly drained through a chest 


tube connected to water-seal suction through- 
out the course of closing the chest; however, the 
chest tube was clamped during the actual pe- 
riod of recording. 

Air embolization was monitored by the ap- 
propriate change in amplitude in the ultrasonic 


Doppler output and by the visual detection of. 


air embcli :n the extracorporeal arteriovenous 
shunt. In addition, in the open chest groups the 
coronary arteries were visually monitored dur- 
ing the proc2dure for the appearance of arterial 
air emboli. 

In ail groups, baseline tracing of all variables 
was obtained both before and after the ex- 
tracorporeal arteriovenous shunt was opened. 
In the groups with penetrated lung, ‘all vari- 
ables were rext recorded during creation of 
the stab wound of the lung and for the-next 3 
to 5 minutes- After the dogs were allowed to 


stabilize, the lungs were intermittently hyper- 


inflated to p-ogressively increasing, intratra- 
cheal pressures, while again: all vatiples 


were recorded. This procedure was: “continued l 


until either a maximum pressure was achieved 


Peers 


Ne 
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(because of venting of intratracheal pressure 
through the wound of the lung) or systemic air 
embolization occurred. In the event that vent- 
ing occurred before systemic air embolization, 
the lungs were again progressively hyperin- 
flated after a period of about 5 to 10 minutes 
was allowed for sealing of the wound with 
blood clot. Using this methodology, systemic 
air embolization was produced in all animals. 

The animals were killed immediately after the 
termination of the study, and in 6 dogs the 
upper lobe of the left lung was removed. In 
these dogs (3 from Group 3 and 3 from Group 
4), the bronchus, pulmonary artery, and pul- 
monary vein were injected with latex of differ- 
ent colors in order to demonstrate the level 
of the bronchovenous shunting. The injected 
lungs were cured for 24 hours in 10% formalin 
and then subjected to maceration in 37.5% hy- 
drochloric acid for 48 hours. All the results were 
statistically analyzed by computation of the 
arithmetic mean and standard deviation cf each 
group of data. Statistical significance was de- 
fined as nonoverlapping ranges of the mean at 
one standard deviation. 


Results 

No systemic air embolization was seen in any 
of the animals with normal intratracheal pres- 
sures. However, by increasing the intratracheal 
pressure to a value at or above 65 mm Hg, sys- 
temic air embolization was produced in all 


animals regardless of the presence or absence of — 


a stab wound of the lung. In all groups, no 
statistically significant hemodynamic change 
occurred after the extracorporeal artericvenous 
shunt was opened, although there was a char- 
acteristic increase (approximately 12%) in both 
the left atrial and systemic arterial pulse pres- 
sures, as well as a small increase (about 20%) in 
amplitude in the ultrasonic Doppler probe out- 
put (Fig 2). After creation of the stab wound of 
the lung, the hemodynamic pressures tended to 


decrease slightly (about 13%), presumably due 


to loss of blood from the lung injury (Fig 3). 
Again, these values were not significantly dif- 
ferent from control values. | l 

Thé data from Groups 1 and 2, the open chest 
dogs, are presented in Tables 1 and 2. In no 
animal did the stab wound of the lung alone 
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Fig 2. Recording of arterial blood pressure (BP), left 
atrial pressure (LAP), intratracheal pressure (ITP), in- 
trapleural pressure (IPP), electrocardiogram (ECG), and 
Doppler trace in a dog with open chest, before produc- 
ing a stab wound of the lung. (A) Before opening the 
extracorporeal arteriovenous shunt; (B) after opening 
the shunt. Scales on left are for BP (0-200 mm Hg) and 


LAP (0-20 mm Hg); scale on right is for ITP and IPP 
(0-100 mm Hg). 





Fig 3. Recording of arterial blood pressure (BP), left 
atrial pressure (LAP), intratracheal pressure (ITP), in- 
trapleural pressure (IPP), electrocardiogram (ECG), and 
Doppler trace in a dog with open chest. (A) Before stab 
wound of the lung; (B) after stab wound of the lung. 
Scales on left are for BP (0-200 mm Hg) and LAP (0-20 
mm Hg); scale on right is for ITP and IPP (0-100 mm 
Hg). 


result in embolization. However, in every dog 
in both the control group and the group with 
stab wound of the lung, air embolization oc- 
curred upon hyperinflation of the lung to intra- 
tracheal pressures at or above 65 mm Hg (Fig 4). 
Air embolization occurred at a mean intratra- 
cheal pressure of 84 mm Hg in the dogs with- 
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Table 1. Data Summary for Group 1 Dogs (Controls; No Lung Injury; Open Chest) 


Variables Recorded at Peak ITP 
before Systemic Arterial 


Baseline Values Air Embolization 

Dog No. BP LAP ITP BP LAP ITP 
7490 165/109 9.4/-—3.9 13.0 28/22 24.3/10.6 65 
7497 194/130 16.2/—8.0 16.0 23/20 11.0/4.8 91 
7499 174/98 9.1/1.5 15.1 30/13 20.0/10.6 89 
7501 179/103 11.5/4.8 11.5 27/15 12.1/5.2 98 
7502 221/150 18.3/2.5 10.6 25/25 18.5/14.0 78 

Mean 184/115 14.1/-1.9 13.2 27/19 17.2/9.0 84 


BP = femoral artery blood pressure; LAP = left atrial pressure; ITP = inzratracheal pressure. All pressures are in mm Hg. 


Table 2. Data Summary for Group 2 Dogs (Lung Injury; Open Chest) 


Variables Recorded at 
Peak ITP before 





Baseline Values Baseline Values Systemic Arterial 
before Lung Injury after Lung Injary Air Embolization 
Dog No. BP LAP ITP BP LAP’ ITP BP LAP ITP 

7491 154/109 19.0/—5.4 13.5 127/89 18.5/—6.0 10.1 23/23 17.3/12.3 73 
7498 163/110 12.8/—2.2 11.8 144/95 9.0/-1.7 8.7 23/23 - 9.6/5.7 73 
7500 170/103 6.7/—4.2 12.9 166/103 6.9/-3.6 10.5 25/21 14.1/7.2 81 
7503 171/110 13.1/-7.6 | 15.7 153/85 6.9/0.0 9.3 24/21 11.4/9.0 80 
7508 165/118 17.1/—11.2 13.7 155/108  15.4/-8.2 9.8 “25125 10.2/4.7 83 
Mean 165/110 13.7/—6.1 13.5 149/96 11.3/—4.5 9.7 24/23 12.5/7.8 78 





BP = femoral artery blood pressure; LAP = left atrial pressure; ITP = intratracheal pressure. All pressures are in mm Hg. 
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Fig 4. Recording of arterial blood pressure (BP), left 

atrial pressure (LAP), intratracheal pressure (ITP), 

electrocardiogram (ECG), and Doppler trace in a dog, 

illustrating the typical sequence of changes associated \ 
with systemic air embolization. Scales on left are for BP — 

(0-200 mm Hg) and LAP (0-20 mm Hg); scale on right 

is for ITP (0-100 mm Hg). 
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Table 3. Data Summary for Group 3 Dogs (Controls; No Lung Injury; Closed Chest) 





Baseline Values 


Variables Recorded at Peak ITP 
before Systemic Arterial 
Air Embolization 





Dog No. BP LAP ITP BP LAP ITP IPP 
7486 162/107 12.8/7.0 12.0 34/34 26.2124.7 110 17 
7507 169/108 5.9/1.4 13.7 34/33 23.1/18.8 94 sacar 
7911 162/90 1123.7 11.4 48/47 31.1/26.8 90 35 
7524 165/110 17.2/0.0 13.5 33/29 24.6/19.6 142 ane 
7525 120/76 4.2/—1.9 12.0 31/26 20.6/15.6 101 36 
Mean 156/98 10.3/4.0 12.5 36/34 25.1/21.1 107 29 





aNot measured. 


BP = femoral artery blood pressure; IPP = intrapleural pressure; LAP = left atrial pressure; ITP = intratracheal pressure. 


All pressures are in mm Hg. 


Table 4. Data Summary for Group 4 Dogs (Lung Injury; Closed Chest) 


Baseline Values 
before Lung Injury 


Dog No. BP LAP ITP BP LAP 
7510 181/126 17.1/—2.6 11.3 123/80 


7526 155/96 16.2/-0.4 11.3 121/72 


Baseline Values 
after Lung Injury 


64/—-2.8 10.2 -2.8 36/36 
7512 187/115 11.0/1.0 11.6 164/115 7.6/0.2 11.4 ~-4.0 34/33 
14.7/1.7 10.4 -2.9 49/49 
7534 158/102 9.2/1.9 11.5 148/92 9.1/1.9 10.1 —3.8 21/19 
7558 176/107 10.4.3 11.2 142/88 8.8/2.8 10.5 ~10° 32⁄31 


Mean 171/109 12.7/0.8 11.4 140/89 9.3/0.8- 10.5 -2.1 34/34 


Variables Recorded at 
Peak ITP before 
Systemic Arterial 
Air Embolization 


ITP IPP BP LAP IHP IPP 


34.3/29.4 104 31 
32.7/29.2 97 18 


34.8/28.7 123 46 
22.1/16.9 95 17 
22.6/17.9 71 21 


29.3/24.4 98 27 


BP = femoral artery blood pressure; LAP = left atrial pressure; ITP = intratracheal pressure; IPP = intrapleural pressure. 


All pressures are in mm Hg. 


out stab wound of the lung versus 78 mm Hg in 
the dogs with stab wound, a statistically in- 
significant difference. Only the quantity of air 
observed in the extracorporeal shunt upon em- 
bolization in these groups differed; the average 
quantity of air observed in the shunt in the 
group with penetrating lung injury was greater 
(about twice) than that seen in the control 
group without lung injury. 

The data from Groups 3 and 4, the closed 
chest dogs, are presented in Tables 3 and 4. 
Again, no air embolization was seen in any of 
the dogs until the lungs were hyperinflated to 
ciel aa pressures at or above 71 mm Hg. 

Air embolization occurred at a mean intra- 
tracheal pressure of 107 mm Hg for the control 


group without stab wound of the lung (Fig 5) 
and at a mean pressure of 98 mm Hg for the 
group with stab wound of the lung (Fig 6), 
again a statistically insignificant difference. 
However, in these groups the deviations from 
the mean of these intratracheal pressures were 
larger than those noted in the open chest dogs. 
While the range of intratracheal pressures in the 
open chest dogs was between 70 and 90 mm 
Hg, the range seen in the closed chest groups 
was between 70 and 140 mm Hg. In an effort 
to make the ranges more representative, the 
intratracheal-intrapleural pressure gradient was 
used to assess the pressures at systemic air em- 
bolization (Table 5). The pressure gradients for 
the open chest groups are the same as the in- 
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Fig 5. Recording of arterial blood pressure (BP), left 
atrial pressure (LAP), intratracheal pressure (ITP), in- 
trapleural pressure (IPP), electrocardiogram (ECG), and 
Doppler trace in a dog with closed chest after hyperin- 
flation of the lung without stab wound, demonstrating 
moderate systemic air embolization on the Doppler trace 
(arrowheads). Scales on left are for BP (0-200 mm Hg) 
and LAP (0-20 mm Hg); scale on right is for ITP and 
IPP (0-100 mm Hg). 


tratracheal pressures, since atmospheric pres- 
sure is the reference value in this experiment 
and is equivalent to zero pressure. However, 
in the closed chest groups the intratracheal- 
intrapleural pressure gradient had a range of 50 
to 90 mm Hg, with the majority of the mea- 
surements falling between 65 and 75 mm Hg. 
These pressure gradients appear to be better 
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Fig 6. Recording of arterial blood pressure (BP), left 
atrial pressure (LAP), intratracheal pressure (ITP), in- 
trapleural pressure (IPP), electrocardiogram (ECG), and 
Doppler trace in a dog with closed chest after hyperin- 
flation o; the lung with stab wound, demonstrating se- 
vere systemic air embolization on the Doppler trace (ar- 
rowheads). Scales on left are for BP (0-200 mm Hg) 
and LAP (0-20 mm Hg); scale on right is for ITP and 
IPP (0-100 mm Hg). 


representative of the process involved in the 
lung rupture and systemic air embolization. 
Again, in the groups with closed chest, the 
presenc2 of a penetrating wound of the lung 
made a difference only in the quantity of em- 
bolized air, which was consistently about twice 
as great in these groups as in the control groups 
without lung injury. 


Table 5. Mean Values of Intratracheal and Intrapleural Pressrres 


Intratracheal Pressures 


Intrapleural Pressures 


Maxi- Mazi- Maxi- Maxi- 
mum mun mum mum 
ITP ITP ITP © ITF IPP IPP ITP = IPP 
before after before at before at at 
Group Injury Injury SAE SAE SAE SAE SAE 
Group 1 
(open chest; 13.2 (+ 2.3) 61 (+ 4) 84 “+ 13) 84 (+ 13) 
control) 
Group 2 
(open chest; with 13.5 (+ 1.4) 9.7 (4 0.7) 62 (+4) 78 + 5) 78 (+ 5) 
stab wound) 
Group 3 
(closed chest; 12.5 (+ 1.0) 82 (+15) 107 ++ 21) 18 (+5) 29(+9) 71(+ 16) 
control) - 
Group 4 
(closed chest; with 11.4 (+ 0.2) 10.5(+0.5) 76(+ 20) 98 & 19) 20 = 6) 27(+12) 71 (+ 12) 


stab wound) 





ITP = intratracheal pressure; IPP = intrapleural pre: SAE = systemi air embolization. Values in niparenthese are 1 


standard error. 
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The latex injection casts made of the left 
upper lobes demonstrated mixing of the latex 
injected in the bronchus with that injected in 
both the pulmonary vein and the pulmonary 
artery. This mixing could be demonstrated only 
at the site of the wound in the groups with stab 
wound of the lung, whereas in the control 
groups, multiple smaller shunts could be dem- 
onstrated in the peripheral lung tissue. 


Comment 
Systemic air embolization has been reported 
following accidental introduction of air into the 
systemic arterial circulation [2-5]. Systemic 
arterial embolization has also been described 
recently following penetrating lung trauma, 
both experimentally [7] and clinically [1, 8]. 
Thomas and Roe [7] reported an incidence of 
71% systemic air embolization in anesthetized 
animals with penetrating wound of the lung 
and normal intratracheal pressures. Waldo and 
colleagues [9], however, could not demonstrate 
systemic air embolization in anesthetized dogs 
with penetrating wound of the lung and normal 
intratracheal pressures, with or without hypo- 
volemic shock and with or without induced 
tension pneumothorax. _ | 

Our results are in agreement with those 
found by Waldo and colleagues [9]; that is, in 
no animal was systemic arterial air emboliza- 
tion demonstrated at normal intratracheal pres- 
sure. By increasing the intratracheal pressure to 
values at or above 65 mm Hg, however, systemic 
air embolization occurred in all animals, re- 
gardless of the presence or absence of pene- 
trating lung injury. This systemic arterial air 
embolization occurred at similar intratracheal 
pressures in all animals, both with and without 
stab wound of the lung (see Table 5). With ele- 
vated intratracheal pressures, however, the 
quantity of air embolization was dependent to 
some degree on the presence or absence of a 
penetrating lung wound. It has been noted that 
the quantity of air emboli in the dogs with stab 
wounds of the lung was, on the average, about 
twice that seen in the corresponding non- 
wounded controls. This implies that, although 
air enfbolization can be produced in dogs with- 
out stab wound of the lung at about the same 


intratracheal pressure, dogs with stab wound of 
the lung are at higher risk because more air is 
shunted to the systemic circulation. 

The occurrence of systemic air embolization 
at the same level of intratracheal pressure in 
dogs with stab wound of the lung and in corre- 
sponding control dogs without the stab wound 
would imply a similar mechanism of systemic 
air embolization. 

It has been demonstrated previously that the 
level of bronchovenous air shunting in overex- 
panded but otherwise noninjured lungs is dis- 
tal to the level of the terminal bronchiole [2]. In 
the lungs removed from our contro] dogs and 
subsequently injected with latex, shunting 
could be seen at the same level. In the dogs with 
stab wound of the lung, however, extensive 
shunting was observed only at the site of the 
stab wound. 

The production of systemic air emboli fol- 
lowing penetrating lung trauma requires the 
formation of a bronchovascular shunt and the 
presence of a pressure gradient between the 
bronchiole and the pulmonary vascular bed. 

Two modes of air entry into the systemic cir- 
culation through the lung vasculature are pos- 
sible: arterial and venous. Entry of air into the 
pulmonary artery could occur, but Spencer and 
Oyama [6] demonstrated that a pulmonary ar- 
tery pressure of 34 mm Hg is necessary for an 
air embolus in that vessel to cross the pulmo- 
nary capillary bed. The pulmonary artery pres- 
sure in our experiments was always below that 
level; thus the entry of the. systemically em- 
bolized air in our study is unlikely to have oc- 
curred through the pulmonary arterial bed. 

Entry of air into the pulmonary veins with 
subsequent systemic air embolization, on the 
other hand, would be dependent on two fac- 
tors: presence of a pressure gradient between 
the communicating bronchus and the pulmo- 
nary vein, and maintenance of the patency .of 
the bronchovenous shunt. Although with in- 
creases in intratracheal pressure concomitant 
increases of left atrial pressure occur, the rela- 
tively greater increase of the intratracheal pres- 
sure ensures that the-first factor, a properly di- 
rected pressure gradient, can be attained. In 
order to achieve the second factor, however, it 
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is necessary that the laceration of the vein re- 
main open and in communication with the lac- 
eration of the bronchus and not be occluded, 
either by clot or by venous collapse, before 
hyperinflation of the lung can occur. The pro- 
pensity of the venous channels to collapse after 
laceration and the difficulty in maintaining the 
patency of the bronchovenous shunt as long as 
the stab wound is not sealed, as well as the 
inability to raise intratracheal pressure to very 
high levels, tend to explain why systemic air 
embolization did not occur when the stab 
wound was freely draining. 

Although it is not clear how bronchovenous 
air shunting occurs, a plausible explanation is 
that at high intratracheal pressure, rupture of 
bronchoalveolar and pulmonary venulae occurs 
while the overlying visceral pleura remains in- 
tact. Thus the bronchovenous shunts and the 
required gradient between terminal bronchioli 
and pulmonary venous bed are maintained. 
Similarly, for the animals with penetrating 
. wounds of the lung, the gradient between 
bronchiole and pulmonary venous bed, as well 
as the bronchovenous shunts, are perhaps 
maintained by the overlying blood clot, allow- 
ing air shunting at high intratracheal pressures. 
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Segm 


ental Resection for Bronchogenic Carcinoma: 


A Surgical Alternative for the Compromised Patient 


W. Frederick Bennett, F.R.C.S.(C), and Roger Abbey Smith, F.R.C.S. 


ABSTRACT Over a twenty-year period, 44 patients 
with peripheral bronchogenic carcinoma who were 
unable to tolerate major pulmonary resection 
underwent segmentectomy as an alternative to 
nonoperative management. There were 2 immediate 
postoperative deaths. Of 31 patients eligible, 36% 
survived five years, and the mean survival time ap- 
proached four years. Excluding those patients with 
undifferentiated small cell carcinoma, segmental re- 
section in this compromised group offered a good 
chance for cure while providing reasonable pallia- 
tion, and this procedure should be considered as a 
surgical option to other modalities of treatment 
commonly offered to these individuals. 


Segmental resection, first practiced on the lin- 
gula in 1939 [3], was soon adopted for the 
treatment of localized tuberculosis and bron- 
chiectasis. In the subsequent decades, these 
inflammatory conditions have greatly dimin- 
ished as reasons for pulmonary resection, be- 
ing superseded by bronchogenic carcinoma; 
pneumonectomy and lobectomy are the com- 
mon surgical alternatives in its treatment. 
"However, Le Roux [5] reported experience with 
a small number of patients with primary lung 
cancer treated by segmental resection in 1972, 
and in that same year Bonfils-Roberts and 
Clagett [2] reviewed their experience using the 
procedure on 18 patients with primary pulmo- 
nary malignancies. Jensik et al [4] subsequently 
presented a series of 123 patients who under- 
went segmentectomy for lung cancer, divided 
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into patients with previous resections, those 
operated upon for palliative purposes, and 
those operated upon for cure; in this last group, 
24 of 37 patients survived five years. 

Segmental resection for primary bron- 
chogenic carcinoma remains an uncommon 
procedure in contemporary thoracic surgical 
practice because of the restricted indications for 


its use. 


Materials and Methods 

From 1958 to 1977 we performed 44 segmental 
resections for primary bronchogenic carcinoma, 
accounting for 3% of all pulmonary resections 
during this interval. The male-to-female ratio 
was 6:1. Age at resection ranged from 42 to 72 
years with an average of 60.6 years. 

Patient selection depended upon the 
radiological demonstration of a suspicious pe- 
ripheral lung lesion of a size suitable for limited 
resection (Figure). Mediastinal involvement 
was excluded by chest roentgenograms and 
laminagrams, and no patients had evidence of 
extrathoracic metastases. In all patients, age, 
poor general condition, or limited cardiopul- 
monary reserve dictated the choice of segmental 
resection over lobectomy. This procedure was 
offered as an alternative to nonoperative treat- 
ment when more extensive resection was not 
feasible. Two patients had had previous con- 
tralateral lobectomy. 

All resections were performed through a lim- 
ited posterior or lateral thoracotomy. Dissection 
at the hilum secured the segmental bronchus 
and vessels. The segmental plane was then es- 
tablished with traction on the bronchus, liga- 
tion of the intersegmental veins, and closure of 
significant bronchiolar tears with nonabsorb- 
able sutures. The segments resected were as 
follows: 
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(A) Anteroposterior and (B) lateral chest roentgeno- 
grams showing one of the largest tumors in this series 
managed by resection of the superior segment of the left 
lower lobe. 


Bronchopulmonary Segments Resected 
(1958-1977) 


Left lung 
Upper lobe 
Superior division 
Apical posterior 13 
Apical posterior and anterior 1 
Inferior division 
Superior and inferior lingula 1 
Lower lobe 
Superior 8 
Total 23 
Right lung 
Upper lobe 
Anterior 2 
Posterior 9 
Lower, lobe 
Superior 10 
Total 21 


Histological diagnosis was made preopera- 
tively in only 5 patients; the remaining lesions 
were diagnosed at thoracotomy (Table 1). The 
diameter of the resected lesions as measured by 





Table 1. Histological Findings in 44 Segmental 
Resecttons (1958—1977) 


eee eee 


Cell Type No. of Patients 
Squamous 1D 
Undifferentiated 184 
Adenocarcinoma 10 
Unclassified 1 

Total 44 


—_——— OO 
“Includes 4 small cell type. 


the pathologist ranged from 1.5 to 5.0 cm, with 
an average of 2.8 cm. 

No patients were lost to follow-up with our 
use of a method previously reported [1]. Each 
postoperative visit consisted of interview, ex- 
amination, and chest roentgenogram with fur- 
ther investigation as indicated. Recurrent or 
metastatic cancer was verified by endoscopic or 
excisional biopsy when possible, and ulti- 
mately by postmortem examination in 75% of 
those who died. 


Results 

In this series of 44 segmental resections, ¢here 
were 2 hospital deaths (operative mortality, 
4.5%). One patient died of pneumonia, the 
other of a perforated duodenal ulcer leading to 
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Table 2. Survival following Segmental 
Resection (1958—1977) 





Postoperative Survival” 
Interval (yr) (%) 

1 79 

2 595 

3 44 

4 37 

5 36 
10 17 





“Standard calculation method. 


fatal peritonitis. Other complications included 
a cerebrovascular accident that resolved with 
minimal functional impairment and 2 instances 
of minor intrapulmonary hemorrhage. 

Survival is shown in Table 2. Of 31 patients 
eligible, that is, resected betore 1973, the five- 
year survival by standard calculation was 36%. 
The mean survival time of these 31 patients was 
45 months, including the operative deaths. The 
4 patients with undifferentiated small cell car- 
cinoma had a mean survival time of 3 months. 

Excluding the operative deaths, only 1 pa- 
tient dying within five years of resection was 
free from tumor. This man suffered a fatal myo- 
cardial infarction 37 months after operation. Of 
the remaining patients who died, 40% had re- 
currence within the ipsilateral lung and the 
others had distant metastases. Three of the 11 
five-year survivors died subsequently with re- 
current or metastatic cancer. One died in status 
asthmaticus in his eighth year after resection, 
and 1 suffered a fatal myocardial infarction at 
six years. Two are alive at six years and 1 at nine 
years. Three patients survived more than ten 
years after segmental resection. 

Three patients had subsequent pulmonary 
resections. One died of a pulmonary embolus 
after resection of the ipsilateral middle lobe. 
One survived 12 months after resection of his 
contralateral lower lobe, dying with recurrent 
tumor two years after initial resection. After a 
completion left upper lobectomy at five years, 1 
patient is alive one year later. Second opera- 
tions 
pulmonary function had improved, presumably 
due to cessation of cigarette smoking. 

One long-term survivor developed a second 


ere undertaken in these patients since. 


Bennett and Smith: Segmental Resection for Bronchogenic Carcinoma 


primary carcinoma in the contralateral lung 
nine years after segmental resection and fol- 
lowing radiotherapy survived two more years. 

Two other patients received radiotherapy for 
troublesome hemoptysis following recurrence; 
neither survived five years. No patients in this 
series received cytotoxic drugs. 


Comment 

Surgical resection is considered the treatment of 
choice for apparently localized bronchogenic 
carcinoma with the exception of the undiffer- 
entiated small cell type. Patients with stage I or 
If disease who cannot tolerate major surgical re- 
section are usually offered a curative course of 
irradiation. The current evidence that resection 
is not the ideal treatment for oat cell carcinoma 
[6, 7] is reflected in the poor results with the 4 
patients in this series. Unfortunately, histologi- 
cal diagnosis was obtained only after resection 
in these individuals. 

Our series of 44 patients is a selected group 
who were offered limited resection as an alter- 
native to nonoperative treatment. We believe 
that a mean survival time approaching four 
years and a five-year survival rate of 36% justify 
the use of this procedure in appropriate cases. 
This latter figure rises to 40% when those pa- 
tients with undifferentiated small cell carcin- 
oma are excluded. 

Quality of survival is notoriously difficult to 
assess, especially in retrospect. However, the 14 
patients currently alive in this series, when 
interviewed 10 months to seventeen years after 
operation, did not find that thoracotomy had 
significantly interfered with their ability to 
pursue normal daily activities. Moreover, it is 
recognized that the current nonoperative mo- 
dalities of treatment for bronchogenic carcinoma 
are not without their own therapeutically re- 
lated mortality and morbidity. 

The high rate of local recurrence within the 
ipsilateral hemithorax in this series implies that 
limited resection is not a viable alternative to 
the established concepts of lobectomy and 
pneumonectomy, but in a small group of com- 
promised patients with localized peripheral 
carcinomas, segmental resection should be con- 
sidered as an alternative to nonsurgical treat- 
ment. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1979 only, the two parts of the examination 
will be given together. The time and place is 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration is August 1, 
197%. The exact times and places of these ex- 
aminations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 
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| THE NEW MIREL PACEMAKER FROM MEDTRONIC. | 
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i SEE FOLLOWING PAGE FOR MORE DETAILS ON THE 
MIREL PACEMAKER FROM MEDTRONIC. 


*This demonstration unit does not contain battery or electronics, but 
approximates the Mirel pacemaker'’s physical characteristics—such as 
connector, size, shape and weight. Packaged in a handsome jewelry 
case, it is ideal for showing to patients, demonstrating at seminars, etc 


SHOWN ACTUAL SIZE 





THE NEW 
MIRED PACEMAKER 
FROM MEDTRONIC: 


Our new lithium-powered Mirel pacemaker is so compact— yet it contains all the performance features 
youve come to expect from Medtronic lithium pacemakers, including Constant Rate, Constant 
Energy, superior electromagnetic interference protection and more. And although the Mirel pace- 
maker is a step down in size, it's a step up in quality. This unique combination of smaller size plus a 
design that provides improved reliability and quality is possible due to Medtronic’s exclusive advances 





in microcircuitry. 


Simplified Assembly for High Reliability. 


The Mirel pacemaker has only 21 separate 
components as compared to 40 in its lithium 
predecessor. Benefit: less chance of component 
failure, fewer connections subject to failure. 
Mirel pacemaker components are fused by re- 
sistance welding rather than soldering. Benefit: 
reduced possibility of contamination. | 

The Mirel pacemaker uses hermetically sealed 
mini-paks inside hermetically sealed hybrids. 
Benefit: circuitry is enclosed in a redundant pro- 
tected environment—an additional safety fea- 
ture for your patients. And, these “mini-paks” 
are easily and repeatedly tested before they are 


connected to the hybrid substrate. Tests include 
centrifuge, temperature and burn-in cycles, her- 
meticity, shock and, of course, visual microscopic 
inspection. 
Pacing for Life™ Warranty 
Another advantage, all Mirel-VL (ventricular- 
long-lived) pacemakers are covered by the 
Medtronic Pacing for Life™ warranty. If, during 
the life of your patient, the Mirel-VL pacemaker 
fails for any reason, Medtronic will provide a 
replacement product at no charge and give the 
same warranty on the replacement product. 
There's much more to the Mirel story. Ask your 
Medtronic representative for details. 


MEDTRONIC” IMPLANTABLE PULSE GENERATORS 


Intended Uses—Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhythmias, tachyarrhythmias and heart block (see product labeling for detailed list of 
intended uses). 

Contraindications— There are no known contraindications to the use of pacing as a therapeutic modality for the control of heart rate. The patient's age 
and medical condition, however, may dictate the particular pacing systems and imolantation procedure used by the physician. 

Warnings—Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical 
units should never be used in the vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger 
of introducing fibrillatory currents into the heart via the implanted pulse generator/lead. Pulse generators may be damaged by defibrillatory discharges 
if the paddles are placed over the implanted pulse generator. 

Precautions—The physician should be aware that all pulse generators will ulfimately cease to function and may fail at any time due to random 
component or battery failures which cannot be predicted prior to failure. Also. that the pacing system may cease to function at any time due to lead- 
related problems such as displacement, fracture, fibrotic tissue formation, and elevated thresholds. and that proper operation may be affected by 
electrical interference from equipment using electrical energy, or medical complications. 

Side Effects— Body rejection phenomena, including local tissue reaction, muscle and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and cardiac tamponade 





SHOWN ACTUAL SIZE 


(Typical Physical Specifications) 
Weight—60 grams « Diameter—53 mm 
Thickness (center)—15 mm e Thickness (edge)—11 mm \ 
Available in unipolar and bipolar configuration. 
Mirel™VL has 2.2 amp hour lithium-iodine power source. 
Mirel ™-VM has 1.8 amp hour lithium-iodine power source. 
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Changes in the Manufacture 


of Expanded Microporous Polytetrafluoroethylene: 
Effects on Patency and Histological Behavior when 
Used to Replace the Superior Vena Cava 


William H. Heydorn, COL, MC, USA, Jay W. Geasling, CPT, VC, USA, 
William Y. Moores, LTC, MC, USA, Lance O. Lollini, MAJ, VC, USA, 


and Alphonse C. Gomez, COL, MC, USA 


ABSTRACT Polytetrafluoroethylene (PTFE) has 
been used clinically and experimentally as a vein 
substitute. Since its introduction, changes have been 
made in the manufacture of the material. This study 
was designed to evaluate the effects of pore size (fi- 
bril length), PTFE cover, and spiral tube support on 
long-term patency and histological behavior when 
this material is used as a replacement for the precava 
in the dog. A graft of 30-u pore size has adequate 
fibroblastic ingrowth, a neointima of 200 x or less, 
and the best long-term patency. The PTFE cover re- 
sults in less fibroblastic involvement of the pros- 
thetic graft and prevents late occlusion caused by 
transmural fibrosis in the 90- graft. The spiral sup- 
port does not affect patency and may be indicated 
when external pressure on the tube must be avoided. 


Six years have elapsed since the introduction 
of polytetrafluoroethylene (PTFE) as a prosthetic 
material for use in the venous system [9]. It has 
been suggested that PTFE grafts may be 
superior to other previously described vein re- 
placements, and they have been used both 
clinically [7, 9] and experimentally [4—6, 8]. Asa 
result of problems that have emerged from 
these experiences, the manufacturer has altered 
the material. The purpose of this study was to 
evaluate these grafts when used as a large vein 
replacement in the dog. 
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Materials and Methods 

Twenty-nine mongrel dogs weighing 20 to 35 
kg were used in this study.* The animals were 
anesthetized with intravenously administered 
thiamylal sodium and ventilated with an endo- 
trachael tube and a Bird respirator using 
halothane. The superior vena cava (precava in 
the dog) was exposed through the third inter- 
costal space and dissected free from the junc- 
tion of the brachiocephalic veins to its termina- 
tion at the right atrium. The azygos vein was 
ligated. Heparin (5,000 U) was given before the 
application of occluding clamps. The precava 
was excised and replaced with a graft using 
continuous 6-0 Prolene suture. All grafts used 


-in this study were provided by W. L. Gore and 


Associates, Inc (Flagstaff, AZ). The commercial 
grafts of this firm have always been of the 30-u 
fibril length reinforced design. 

In Group 1 (5 dogs), the precava was excised 
and replaced as an autograft. In Groups 2 
through 5 (6 dogs in each group), the precava 
was replaced with PTFE of the following pore 
size (fibril length) and characteristics: 5 yw 
(Group 2); 30 u (Group 3); 30 u with spiral sup- 
port (Group 4); and 90 u with spiral support 
(Group 5). All grafts had a length of 5 cm, an 
internal diameter of 12 mm, and a thickness of 
0.78 mm. A shunt between the internal thoracic 
artery and precava was placed just above the 
cephalad suture line to augment flow through 
the grafts. Dogs were given 600,000 U of pro- 
caine penicillin just before operation and for 5 
days thereafter. Venograms were performed on 


*In conducting the research described in this report, we 
adhered to the Guide for Laboratory Animal Facilities and 
Care, as promulgated by the Committee on the Guide 
for Laboratory Animal Resources, National Academy of 
Sciences—National Research Council. 
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Results of Precava Replacement in 29 Dogs 





No. Pore 

of Size Graft Closures Graft Patency 
Group Dogs (p) (postop. day) (follow-up in mo) 
1 5 0 7 (3;,'3, 6; 12,22) 
2 6 5 3 (26, 34, 92) 3 (3, 12, 12) 
3 6 30 2 (4, 6) 4 (6, 10, 12, 12) 
4 6 30S* 2 (5, 6) 4 (2, 6, 12, 18) 
5 6 90S* 3 (13, 27, 59) 3 (6, 12, 16) 





^S indicates that the tube had spiral support. 


animals if they were clinically indicated, after 
90 days, and at six months or a year before 
the animal was killed. Gross and microscopic 
postmortem pathological examinations were 
performed on all dogs at the time of death. 


Fig 1. (A) A 5-u polytetrafluoroethylene (PTFE) graft 
(Group 2) at one year. Pannus growth can be seen at 
suture lines (arrows). (B) Microscopic illustration of a 
Group 2 graft. The intima (arrow) is only a cell thick, 
and there is no cellular infiltration of the graft wall. 
(H&E; original magnification x50.) 
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Results 

Fourteen of the 24 dogs (Groups 2 through 5) 
survived for up to eighteen months in apparent 
good health. Seven of the 10 grafts that became 
occluded did so in the early postoperative pe- 
riod (less than 30 days) with no closures occur- 
ring after 92 days. All grafts in Group 1 (auto- 
grafts) remained patent. A summary of graft 
patency and length of follow-up is found in 
the Table. 


Postmortem Analysis 

GROUP 2. Postmortem study of Group 2 grafts 
showed that in each instance the prosthesis 
functioned as an inert conduit with only a few 
adhesions to the external surface of the graft 
and with no penetration of the graft wall by the 
host cells. At the suture line, there was an in- 
growth of pannus extending about 10 mm. The 
remainder of the intimal lining consisted of an 
endothelium only a few cells in thickness, 
which was not firmly adherent to the graft 


(Fig 1). 
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Fig 2. (A) A 30-p polytetrafluoroethylene (PTFE) graft 
(Group 3) at one year. The arrow indicates the site of an 
internal thoracic artery shunt. (B) Microscopic illustra- 
tion of a 30-44 PTFE graft. The PTFE wrap (black- 
and-white arrow) is on the adventitial side. There is 
cellular penetration of the graft from inside and outside. 
The intima (black arrow) is only one cell in thickness. 
(H&E; original magnification X100.) 


Groups 3 AND 4. Figures 2 and 3 demon- 
strate the gross and microscopic findings of the 
grafts in Groups 3 and 4. Each graft was adher- 
ent to the adjacent lung and pleura. There was 
a fibrous tissue penetration of the graft wall 
coming from both the endothelial and adventi- 
tial surfaces, which extended completely across 
the graft wall in some areas. The degree of graft 
penetration was less than that seen in previous 
experiments with grafts of similar porosity [6]. 
The wrap placed about the PTFE to make it 
stronger controlled the growth of fibrous tissue 
into the graft. The neointima ranged in thick- 
ness from 2 to 200 u and was firmly attached 
to the graft by fibroblasts in some areas, but 
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was loosely adherent in others. The grafts with 
spiral support had some hematoma formation 
between the neointima and the graft in areas 
beneath the spiral. The spiral may inhibit cel- 
lular ingrowth, resulting in a loose connection 
of the neointima and hematoma formation. The 
presence of these small hematomas did not af- 
fect patency of the tubes. 

GROUP 5. Group 5 grafts provoked the most 
pronounced fibrotic reaction from the host, as 
evidenced by adhesions between the grafts and 
adjacent structures. For each graft, there was 
nearly complete healing, with fibrous tissue 
throughout the graft wall except beneath the 
spiral supports. Some hematomas were seen 
between the neointima and the graft in these 


areas. The neointima measured approximately 
200 to 1,700 w in thickness (Fig 4). 


Comment 

Previous experimental work with PTFE sup- 
ports the clinical use of this material in the ve- 
nous system. The length of the fibers that hold 
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Fig 3. (A) A 30-p polytetrafluoroethylene (PTFE) graft 
with spiral support (Group 4) at one year. A small 
hematoma (black-and-white arrow) Is present between 
the neointima and the graft. The internal thoracic artery 
shunt (black arrow) is almost closed. (B) Microscopic 
illustration of a Group 4 graft. Space previously occupied 
by the spiral can be seen. The neointima (black arrow) 
ranges in thickness from a single cell to several cells. 
(H&E; original magnification X50.) 


the Teflon nodules together determines poros- 
ity, the extent of penetration of the graft by host 
tissue, and the long-term patency. The ideal 
fiber length for prosthetic use remains contro- 
versial. Soyer and associates [9] used 0.5 to 2.5 
p material but suggested that a larger pore size 
would alter thrombogenic properties in a favor- 
able way. Campbell and associates [2] obtained 
the best results using PTFE with a pore size of 
22 u or smaller for arterial replacement. Florian 
and associates [4] reported excellent results 
using PTFE with 100-u fiber length in 6 dogs 
with 5-cm lengths of 100-4 PTFE interposed 
into the femoral vein. All grafts remained pa- 
tent for the six months before death. Heydorn 








and associates [6] showed that 90- grafts used 
to replace the precava of the dog had late failure 
caused by tissue ingrowth through the graft, 
eventually closing the lumen. They concluded 
that the high porosity material used in that 
stucy was not suitable as a canine venous sub- 
stitute. 

In 1976, Campbell and associates [2] reported 
aneurysm formation when PTFE was used in 
the arterial system. To resolve that problem, the 
grafts were subsequently covered by a thin PTFE 
skin to increase their strength. The manufac- 
turer has suggested that this covering may also 
inhibit or control tissue ingrowth. The material 
usec in our study reflects not only the effects of 
three different pore sizes on tissue ingrowth 
and patency but also the effects of the PTFE 
wrap and spiral support. Clark [3] pointed out 
that PTFE is quite soft and that the pressure 
from adjacent structures may lead to decreased 
blood flow and thrombosis. A spiral support 
was added to eliminate this problem; it may be 
advantageous if longer grafts are used in areas 
subject to external pressure. 
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Fig 4. (A) A 90- u polytetrafluoroethylene (PTFE) graft 
with spiral support (Group 5) at one year. Hematoma 
(arrow) can be seen between the neointima and the 
graft. (B) Microscopic illustration of one of these grafts. 
There is heavy ingrowth of fibrous tissue except adja- 
cent to the spiral (black arrow). The thick neointima is 
seen. (H&E; original magnification X50.) 


We found that the addition of a PTFE wrap 
not only strengthened the material but also 
controlled transmural fibrosis so that the 90- 
grafts (Group 5) did not result in late closure. 
However, it does appear that the thinner 
neointima that we observed in the 30-y graft 
(Groups 3 and 4) was associated with sufficient 
incorporation of the tube by host tissue and at- 
tachment of the neointima to the graft by fi- 
broblasts to make it a preferable graft for vein 
replacement in the dog. Spiral support tubes 
can be used successfully and may be indicated 
for those areas of the graft on which external 
presdure must be avoided. As other changes are 
made in the structure of this material, con- 
tinued evaluation of its effects in vitro will be 
indicated. 
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HOW TO DO IT 


A Simple Device for Achieving 
Pulsatile Flow During Cardiopulmonary Bypass 


Jacques Desjardins, C.P., Jean-Guy Maillé, M.D., Jacques Lussier, C.P., 


and Pierre Grondin, M.D. 


ABSTRACT We describe a simple modification of 
the roller pump capable of producing a pulsatile 
flow during extracorporeal circulation. The tech- 
nique is simple and can be readily duplicated in any 
center that uses roller pumps for cardiopulmonary 
bypass. Studies are in progress to evaluate the ad- 
vantages of this type of perfusion. 


In recent years, there has been a renewed inter- 
est in employing pulsatile flow during car- 
diopulmonary bypass. The widespread use of 
the roller pump since 1954 has proved its safety 
and efficiency in extracorporeal circulation, at 
least for operations of short duration. However, 
the continuous flow produced initiates many 
physiological changes that may not remain in- 
nocuous during prolonged extracorporeal per- 
fusion. Experimental metabolic studies have 
demonstrated the superiority of pulsatile over 
nonpulsatile flow |1, 4-7, 9, 11, 12]. The main 
advantage of pulsatile flow seems to be related 
to a decrease in peripheral resistance, which 
permits better perfusion of vital organs such as 
the heart, the brain, and the kidneys. 

Several techniques have been described to 
convert the usual continuous flow during ex- 
tracorporeal circulation into a pulsatile flow. 
Numerous reports of the use of the intraaortic 
balloon pumping device for generating pul- 
satile flow have appeared in the last few years. 
The balloon is placed in the descending thoracic 
aorta [1, 9] or in the arterial line near its site of 
entry in the aorta [2]. The counterpulsation ap- 
paratus, triggered by the patient’s electrocar- 
diogram or a pacemaker, provides a pulsatile 
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flow during bypass. Other devices include a 
special pulsatile pump of the Helton-Pemco 
type [11, 12], a roller pump used at alternating 
speeds [4, 7, 8], anda special bubble tubing [3, 
10]. While the efficiency of these methods is 
recognized, their mechanical complexity and 
the additional expense in equipment have lim- 
ited their utilization. 

This paper describes a simple method of ob- 
taining a pulsatile flow with a slightly modified 
standard roller pump during cardiopulmonary 
bypass whenever such a flow is desired. 


Description 

A standard Sarns roller pump, with one roller 
removed, is added to the console and fitted 
with a length of Silastic tubing 12.7 mm in 
diameter. The proximal extremity of the tube is 
connected to the arterial line with a Y con- 
nector. The distal end, about a meter long, is 
clamped at its extremity (Fig 1). 

The anticlockwise revolution of the one-roller 
pump displaces 27 ml of fluid toward the 
clamped end of the tube, which dilates under 
the pressure generated; this volume is rein- 
jected into the circuit as the single roller ends its’ 
half turn of actual contact with the tube. 

The pressure curve shown by the signal 
picked up in the radial artery during cardio- 
pulmonary bypass (without any cardiac activ- 
ity) is quite similar to the usual physiological 
blood pressure curve: pulse pressures in the 
range of 30 to 50 mm Hg are generated. These 
values are dependent in part on the rate of the 
pump and the length of the tubing. With this 
method, the flow pattern in the aortocoronary 
graft during extracorporeal circulation exhibits 
the typical biphasic curve that is observed nor- 
mally during regular heart systoles (Fig 2). 

\ 
Comment 
The merits of pulsatile flow in extracorporeal 
circulation need not be discussed: many au- 
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Fig 1. Proposed modification of the standard roller 
pump for achieving a pulsatile flow. Note the addition 
of a one-roller pump turning anticlockwise on Silastic 
tubing about a meter in length. 
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thors have demonstrated the superiority of this 
type of flow for the perfusion of vital organs. 
The technique we propose to achieve pulsatility 
is simpler than other methods previously de- 
scribed and is as efficient. Unlike some other 
methods, this system cannot be synchronized 
with heart action. No attempt was made to do 
this because we wanted to keep the device as 
simple as possible. It is easily adaptable by any 
center equipped for open-heart surgery. 

In the early trials, the single-roller pump 
turned clockwise. The active part of the cycle 
did raise the pressure in the arterial line, but it 
created a negative pressure in the clamped end 
of the tube. This had the theoretically dangerous 
possibility of injecting air bubbles, which could 
enter the Silastic tubing during the negative 
pressure phase. Moreover, compared with an- 
ticlockwise revolutions, the arterial curve pro- 
duced was less like the physiological blood 
pressure curve: the ascending portion of the 
pressure curve was much slower and the de- 
scending one was more abrupt. It may be added 
that such strong negative pressure repeatedly 
applied on the tubing is likely to produce im- 
portant hemolysis. 

The arterial cannula must be of adequate size 
to transmit the pressure wave and should be 
inserted in the ascending aorta. Otherwise, the 
added pressure is partially absorbed by the 
elasticity of the arterial line. We think that a 22F 
cannula should be employed for flows ranging 
between 3 and 4 liters per minute and a 24F 
cannula for flows exceeding 4 liters per minute. 

To date, we have used a pump rate of be- 
tween 60 and 80 revolutions per minute in adult 
patients. Within this range the variation in rate 
has no influence on the ratio of systole to dias- 
tole; the ejection phase is approximately 50% of 
the total time of one cycle. For an average flow 
of 4.8 liters per minute, the volume injected 
during one systole is 65 to 70 ml while ap- 
proximately only 15 ml is injected into the aorta 
during the diastolic phase. 

Trinkle and = associates [12], using the 
Helton-Pemco pump, have demonstrated that 
pulsatile flow was actually associated with less 
hemolysis than the nonpulsatile flow. Prelimi- 
nary observations with our technique seem to 
indicate that pulsatility produced in this man- 


ner does not induce any more hemolysis than 
continuous flow. 

Studies are in progress in our center to evalu- 
ate the influence of this modified roller pump 
on the cellular elements of the blood, the ade- 
quacy of myocardial, cerebral and renal perfu- 
sions, and peripheral resistance. 
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Prevention of Air Embolism after Mitral 
Valve Replacement with a Porcine Heterograft Prosthesis 


Giacomo A. DeLaria, M.D., David O. Monson, M.D., and Milton Weinberg, Jr., M.D. 


ABSTRACT The production of prosthetic valve in- 
competence during atriotomy closure is among the 
operative maneuvers utilized to prevent air em- 
bolism in mitral valve replacement. The leaflets of a 
porcine bioprosthesis may be retracted safely and 
effectively, thereby producing temporary valve 
incompetence, by placing three polypropylene su- 
tures through the valve orifice and around the sew- 
ing ring to encircle the leaflets. These traction su- 
tures are easily pulled out through the atrictomy 
suture line after all air has been displaced from the 
heart. The technique has been effective, easily ac- 
complished, and without complications. 


Air embolism is a recognized complication of 
mitral valve replacement, and a variety of tech- 
niques have been employed to prevent it [1-4]. 
In order to avoid this complication, air must be 
displaced from the intracardiac structures be- 
fore cardiac suture lines are completed and the 
heart is allowed to resume pumping. Dislodg- 
ing of air by vigorous agitation of the heart and 
needle aspiration or venting of the aorta, left 
ventricle, and left atrium are among the ma- 
neuvers commonly utilized for air removal. 
Additionally, most surgeons find it useful to 
produce prosthetic valve incompetence while 
closing the left atriotomy and during the initial 
period of left ventricular beating. In the case of 
mechanical prostheses, this is easily accom- 
plished by passing a small Foley catheter or soft 
rubber tube through the valve to prevent valve 
closure. The catheter is removed as the suture 
line is closed, and the surgeon is confident that 
no air remains in the heart. 

Recently, porcine heterograft prostheses have 


been used with increasing frequency for cardiac ~ 


valve replacement. Because these are semilunar 
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valves with leaflets that coapt by conforming to 
adjacent leaflets, it is difficult to make them in- 
competent. Passage of a catheter through the 
central orifice is not effective because the leaf- 
lets close around the tube and seal it. Also, 
there is the possibility of the tube causing dam- 
age to the leaflets. The following technique for 
maintaining valve leaflet incompetence has 
been adopted and used successfully by us over 
the past three years for all mitral valve replace- 
ments. 

After excision of the diseased valve, a series 
of interrupted Teflon-buttressed horizontal 
mattress sutures is placed in the valve annulus. 
The sutures are then passed through the 
prosthetic sewing ring, and the valve is ad- 
vanced into its correct position. Before the su- 
tures are tied down, two or three size 0 poly- 
propylene sutures are passed in a loop around 


each prosthetic valve leaflet, from the valve 


orifice, underneath the valve, and finally back 
out between the sewing ring and the host an- 
nulus. This is accomplished with a right-angled 
clamp, which is introduced between the sewing 
ring and annulus (Fig 1). Advancement of the 
tip of the clamp into the central orifice makes it 


Fig 1. Placement of the polypropylene sutures through 
the valve orifice with the aid of a right-angled clamp. 
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Fig 2. Traction sutures displace the leaflets on a bio- 
prosthesis. 


easy to grasp the suture, pull it around, and 
complete the loop. The loop is located at the 
midportion of each leaflet. Traction on the ends 
of the loop gently displaces the leaflets into an 
open position, and the valve becomes incom- 
petent (Fig 2). The valve sutures are then tied 
down, and the left atrial closure is begun ina 
standard fashion. Once the heart is filled with 


February 1979 


blood and after the suture line is completed, 
these loops of polypropylene suture, which are 
monofilament and slide easily, can be pulled 
out, allowing the leaflets to return to the correct 
closed position. 

To date, this technique has been without 
complication. In particular, there have been no 
instances in which the loops did not come out 
easily. There has been no evidence of leaflet 
damage or paravalvular leak. 

This simple and effective method of main- 
‘aiming tissue valve incompetence is a valuable 
adjunct to a series of maneuvers designed to 
prevent air embolism in mitral valve replace- 
ment. 
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A Modified Clamp for Repair 
of Aortic Aneurysm and Aortic Dissection 


Zev Davis, M.D. 


ABSTRACT A Pilling aortic clamp, modified to 
make the approach to aortic aneurysm and aortic dis- 
section repair more versatile, is described. 


Difficulty often is encountered in obtaming 
adequate proximal control of the aorta using the 
available aortic cross-clamps. Frequently this 
problem is compounded in descending thoracic 
aortic dissections or aneurysms in which the 
angle of the aorta and the large size of the aneu- 
rysm with the surrounding hematoma com- 
promise placement of a proximal occluding 
clamp. The designs of the aortic cross-clamps 
necessitate much maneuvering with increased 
risk of injury to the surrounding tissues and 
recurrent laryngeal nerve, tear of the posterior 
aortic wall, or both these risks. To lessen these 
hazards, a Pilling aortic clamp* was modified 
by creating a box-lock connection at the axis of 
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Diagram of modified Pilling aortic clamp. 
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closure of the two separate pieces (Figure). Each 
is completely independent. First, the posterior 
piece is placed carefully in position. Then the 
anterior piece is positioned and locked to the 
inferior one. The clamp is then gently closed 
occluding the aorta. 

An illustrative case report demonstrates use 
of this clamp. 


Case Report 

An 18-year-old white man involved in an au- 
tomobile deceleration accident sustained multi- 
ple injuries and was taken to the emergency 
room. Examination revealed him to be 
hemodynamically stable with facial lacerations, 
left orbital fracture, rhinorrhea, compressive 
fracture of the twelfth thoracic vertebra, and 
fracture of the left anterior third and sixth 
ribs. Chest roentgenogram revealed a widened 
mediastinum. Angiography was performed im- 
mediately, and a localized intimal tear was 
delineated at the level of the ligamentum ar- 
teriosum. A left thoracotomy was performed 
and a large hematoma was visualized, begin- 
ning distal to the left subclavian artery and ex- 
tending for approximately 10 cm. The modified 
Pilling clamp was carefully placed without dif- 
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ficulty just proximal to the left subclavian ar- 
tery. Distal control was obtained in the lower 
part of the thoracic aorta with a separate clamp. 
Femoral-femoral bypass was initiated through a 
left groin approach and maintained for 59 min- 
utes. A 2 cm intimal tear was visualized. A 
woven Dacron graft 20 mm in diameter and 5 
cm long was anastomosed proximally and dis- 
tally, and good pulses were palpable in the 
extremities bilaterally. The patient was dis- 
charged from the hospital on the twelfth post- 
operative day following an uneventful recu- 
peration. He was last seen eight months after 
operation and had returned to a full and active 
life. 


The materials and design of this clamp im- 
prove versatility in approach and technique. 
The clamp may be tightened easily, reposi- 
tioned, or replaced. It allows greater maneu- 
verability in the approach to aortic dissection 
or long-term aneurysms of the descending 
thoracic aorta. It may be of additional aid in 
obtaining proximal control in difficult abdomi- 
nal aortic aneurysms. Because the clamp allows 
each piece to be carefully placed independently 
without obstruction by the second section, the 
ease and efficiency of proper placement is en- 
hanced. Difficulty in manipulation and, as a re- 
sult, complications and length of procedure are 
diminished. 


CASE REPORTS 


Rupture of Postcoarctation 


Mycotic Aneurysms of the Aorta 


Joel A. Schneider, M.D., Karen S. Rheuban, M.D., 


and Ivan K. Crosby, M.D. 


ABSTRACT Sudden and usually fatal rupture is a 
common complication of postcoarctation mycotic an- 
eurysms. Prompt operative treatment is always indi- 
cated, and can be performed using one of three tech- 
niques depending on the adequacy of the collateral 
circulation and the presence or absence of active 
bacterial infection. Renal dysfunction commonly is 
associated with bacterial endarteritis and is second- 
ary to an immune-complex glomerulonephritis. The 
patient reported here was treated successfully by the 
placement of an emergency axillofemoral bypass 
graft, removal of the infected portion of the de- 
scending thoracic aorta, and delayed intrathoracic 
reconstruction. 


Coarctation of the descending aorta is a com- 
mon congenital cardiovascular anomaly, which 
occurs in 1 out of every 12,000 live births [37]. 
Complications that have been reported with 
this lesion include hypertension, bacterial en- 
docarditis and endarteritis, cerebrovascular ac- 
cidents, aneurysms, congestive heart failure, 
and rupture of the aorta [1, 4, 5, 28, 33]. In 1961, 
Dotter [8] reported a successful operation on a 
patient with a ruptured mycotic aneurysm dis- 
tal to an aortic coarctation. The present report 
reviews the literature and outlines a manage- 
ment technique not described previously. 


A 12-year-old white boy was referred to the 
University of Virginia Medical Center because 
of acute renal failure, fever, and hypertension. 
He had been in apparent good health until 
twelve days before admission. On admission, 
arm blood pressure was 164/98 bilaterally and 
the legs were pulseless. A grade 2/6 systolic 
murmur in the suprasternal notch and at the left 
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midsternal border radiated to the back. The 
abdomen was moderately tender with no 
hepatosplenomegaly; there were no Osler’s 
nodes, Roth’s spots, or splinter hemorrhages. 

Laboratory data on admission included the 
following: hematocrit, 31%; white blood cell 
count, 20,800 per mm’; blood urea nitrogen, 98 
mg per 100 ml; creatinine, 5.1 mg per 100 ml; £, 
complement, 49 mg per 100 ml (normal, 55 to 
120 mg per 100 ml); and total hemoglobin com- 
plement, 36 U per milliliter (normal, 34 to 48 U 
per milliliter). Examination of the urine re- 
vealed proteinuria, innumerable red and white 
blood cells, and occasional red blood cell casts. 
A chest roentgenogram (Fig 1A) revealed bor- 
derline cardiomegaly and a suggestion of rib 
notching, but no mediastinal masses or pulmo- 
nary infiltrates. It also showed left ventricular 
hypertrophy. 

On the first hospital day, a thoracic aorto- 
gram demonstrated a typical coarctation of the 
descending aorta (Fig 2A) distal to the left sub- 
clavian artery. The aortic valve was normal 
and there was a 65 mm Hg pressure gradient 
across the coarctation. Blood cultures grew 
Staphylococcus aureus, and, therefore, treatment 
with nafcillin and gentamycin was begun. 
An open renal biopsy was performed. On mi- 
croscopic examination the specimen re- 
vealed hypercellular and exudative glomerular 
changes; immunofluorescent studies of the 
specimen showed granular deposits of com- 
plement in the mesangium. Both findings were 
consistent with a postinfectious, immune- 
complex glomerulonephritis. Because. of pro- 
gressive renal failure, peritoneal dialysis was 
instituted. 

Nine days after admission, a chest roent- 
genogram showed a rounded perihilar density 
in the left hemithorax (Fig 1B), and on the 
fourteenth hospital day the patient complained 
of sharp left-sided chest pain and became 
severely hypotensive. A tube thoracostomy 
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Fig 1. (A) Chest roentgenogram made at the time of ad- 
mission showed no abnormalities. (B) One made nine 


days after admission demonstrated the appearance of a 
left perihilar mass. 


; 
j 8/11/77 


A 





Fig 2. (A) An arteriogram performed the day of admis- 
sion showed a typical coarctation of the aorta with large 
collateral vessels. (B) Ore done fourteen days later 
demonstrated a large false aneurysm just distal to the 
coarctation. 
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drained 1,200 ml of bloody fluid; the patient 
was resuscitated and emergency aortogram re- 
vealed a large aneurysm distal to the coarcta- 
tion (Fig 2B). After the patient's condition 
stabilized, he was taken to the operating room, 
where a right axillofemoral bypass graft was in- 
serted using a 6 mm polytetrafluoroethylene 
conduit. A left thoracotomy was then per- 
formed, and, when the lung was gently re- 
flected free, rupture of the aneurysm occurred. 
The aorta was clamped just distal to the left 
subclavian artery and again 5 cm above the dia- 
phragm. The mycotic aneurysm had ruptured 
anterolaterally, and the false wall was com- 
posed of adjacent lung. The aneurysm was to- 
tally excised, and the proximal and distal parts 
of the aorta were closed with 3-0 monofilament 
polypropylene sutures. 

After operation, the patient was on a regimen 
of nafcillin, administered intravenously, for 
four weeks. Blood cultures showed no growth, 
and creatinine clearance improved from 5 ml 
per minute to 65 ml per minute. The postopera- 
tive pulse volume studies showed that occlu- 
sion of the bypass graft resulted in a profound 
drop in lower leg pressures, from 100 mm Hg to 
42 mm Hg. This is indicative of the magnitude 
of blood flow provided by the bypass graft over 
and above that previously established by the 
large collateral vessels associated with coarcta- 
tion of the aorta. Also noted was a 58 mm Hg 
pressure gradient between the upper and lower 
extremities. The patient was discharged on the 
forty-fourth hospital day and was on a regi- 
men of antihypertensive medications. He was 
readmitted six months later and underwent a 
successful ascending aorta—descending aorta 
extrapleural intrathoracic reconstruction. Blood 
pressure and pulse volume recordings were 
normal at the time of writing. 


Comment , 
Before the development of current operative 
techniques, an 18% incidence of aortic rupture 
was reported in patients with coarctation of the 
aorta [29]. In the past twenty-three years, 255 
cases of coarctation of the aorta have been diag- 
nosed at the University of Virginia; this is the 
only one with bacterial endarteritis. 
Thirty-eight patients with mycotic aneu- 


rysm distal to a coarctation of the aorta have 
been reported in the world literature, with an 
overall mortality of 59% (Table). Death was due 
to rupture of the aneurysm in all but 3 patients, 
who died of heart failure [17] or renal failure [2, 
13]. When the patients were first seen, the 
complaints included fever in 60%, chest pain in 
14%, and hemoptysis or hematemesis in 8%. 
Evidence of embolization, such as Osler’s 
nodes and splinter hemorrhages, was sought on 
physical examination in 20 patients, and posi- 
tive findings were present in 50%. 

Blood cultures or cultures of the aneurysmal 
material were obtained in 35 patients. The 
organisms that were identified included 
Staphylococcus aureus in 34%, Streptococcus 
viridans in 26%, Staphylococcus albus in 9%, 
pneumococcus in 6%, and Moraxella species in 
3%. No organisms were cultured in 22% of the 
patients. 

Renal failure is a recognized complication of 
bacterial endocarditis [12, 21, 22]. Immune- 
complex nephritis associated with hypocom- 
plementemia characterizes this type of nephrop- 
athy. Admission urinalysis, when recorded, 
showed hematuria in 14 patients (74%). Azo- 
temia was present in 25% of patients, and 
was severe in 8%. Renal histology was de- 
scribed in 14 patients and was normal in only 
14%. Pathological findings included embolic 
infarcts in 29%, diffuse glomerulonephritis in 
14%, both embolic infarcts and diffuse glomer- 
ulonephritis in 36%, and focal glomerulo- 
nephritis in 7%. 

Fever, hematuria, and diminished femoral 
pulses form a highly sensitive triad, suggestive 
of coarctation of the thoracic aorta complicated 
by bacterial endarteritis. 

This patient reported on here demonstrates 
that aortitis may be present with no change in 
the chest roentgenogram or arteriogram and can 
produce a mycotic aneurysm. In our patient, 
the aneurysm ruptured in less than fourteen 
days. . 

Oldham and associates [26] reported an aver- 
age time interval of seven weeks between a 
normal chest roentgenogram and one in which 
the aneurysm was apparent. In our review of 
reported cases, 46% of the chest roentgenograms 
did not suggest the presence of an aneurysm at the 
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Review of Reported Patients with Postcoarctation Mycotic Aneurysm 


ne neemceemmeememmeeenceenenreeeee NNUNU 


Age Hema- 


RUPTURED POSTCOARCTATION MYCOTIC ANEURYSM 


Site Author (yr) Outcome turia Operative Procedure 
tae a a Saa a aa 
aaa a a U 


Intrapleural Smith [34] 17 Died Yes None 
(29%) Koletsky [19] 38 Died Yes None 
Kieffer [18] 15 Died Yes Died intraoperatively 
Dotter [8] 6 Alive Aortic graft 
Edwards [9] 5 Died Subclavian 
swingdown 
Wood [38] 16 Died Died intraoperatively 
Schneider 12 Alive Yes Axillofemoral bypass 
(present report) graft 
Esophagus (46%) Reifenstein [28] 10 Died None 
Tillich [35] 17 Died None 
Moragues [25] 11 Died None 
Halonen [13] 20 Died None 
France [10] 4 Died None None 
Janbon [15] 20 Died None 
Landtman [20] 11 Died None None 
MckKell [24] 14 Died Yes None 
Cossette [7] 3 Alive Aortic graft 
Bodner [3] 13 Alive Yes Aortic graft 
23 Alive Aortic graft 
Bronchus (13%) Libman [22] 12 Died None 
Goodson [11] 16 Died Yes None 
Probert [27 | 18 Alive Yes Aortic graft 
Intraperitoneal Bauer [2] 20 Died Yes None 
(8%) Jaffee [14] 9 Died Yes None 


NONRUPTURED POSTCOARCTATION MYCOTIC ANEURYSM 


Unknown (4%) Vogler [36] 37 Died None 
SS te ULUS 
i NůġO 


Reifenstein [28] 29 Died None 
Kellogg [16] 16 Died Yes None 
Bauer [2] 20 Died Yes None 
Shumacker [32] 8 Alive None Primary anastomosis 
Halonen [13] 39 Died Yes None 
Cleland [6] 20 Alive Aortic graft 

10 Alive Yes 
Sellors [31] 21 Alive Aortic graft 

9 Alive Aortic graft 

Khazei [17] 7 Alive None Aortic graft 

40 Alive Aortic graft 
Matthews [23] 8 Alive Aortic graft 
Jaffee [14] 12 Alive Primary anastomosis 
Oldham [26] 5 Alive Primary anastomosis 
Sanyal [30] 12 Died None Died intraoperatively 
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onset of symptoms. The aneurysm became ap- 
parent on plain chest roentgenograms after a 
mean of seven weeks. 

We found reports of 24 patients with ruptured 
mycotic aneurysm distal to a coarctation of the 
aorta. In only 7 of these (29%), including the 
present patient, did the aneurysm rupture into 
the pleural space, and in each instance into the 
left hemithorax. Our patient is only the second 
reported to have had a successful operation. Of 
those patients whose aneurysm ruptured into 
the esophagus (46%), bronchus (12.5%), or 
peritoneum (8%), none survived without oper- 
ation. The 4 who were operated upon all sur- 
vived (see Table). In the reported instances of 
aneurysmal rupture, the initial hemorrhage was 
usually not fatal. 

If antibiotic therapy is effective in eradicating 
the infection, elective resection of the aneurysm 
and coarctation, and replacement with a pros- 
thesis are feasible. The overall operative mor- 
tality in the elective setting since Shumacker’s 
first case [32] in 1948 is 10% (see Table). 
This appears favorable compared with the 62% 
overall mortality (since 1948) when rupture 
dictates emergency operation. It is important to 
note that the excessive mortality is not due to 
the consequences of aortic infection, but rather 
is secondary to the cardiovascular collapse 
associated with aneurysmal rupture. 

Our patient demonstrates that persistence of 
the aortitis and formation of an aneurysm and 
rupture can occur despite adequate blood levels 
of antibiotics. Even when operation has been 
undertaken in the face of active infection, recur- 
rent aortitis has been reported in only 1 [9] of 
the 6 early survivors. It is interesting that in 
that patient the subclavian artery was used 
rather than a prosthesis, whereas in the other 5 
patients, aortic hemograft, Dacron or Teflon 
grafts were utilized without subsequent infec- 
tion (3, 7, 18, 24]. It may be that the size of the 
subclavian artery precludes correction of the 
hemodynamic diathesis for aortic infection. 

Review of the collected series shows a 75% 
incidence of aneurysmal rupture during the pe- 
riod of active infection. Since emergency oper- 
ation in the setting of rupture is associated with 
a 62% mortality (see Table), the overall mor- 
tality incurred while awaiting bacteriological 


cure is 47%. Early elective operation should, 
therefore, be considered when an aneurysm be- 
comes apparent. Delaying in hopes of bac- 
teriological sterilization engenders a high risk 
of sudden and unpredictable aneurysmal rup- 
ture. 

The operation should achieve two objectives: 
excision of the infected part of the aorta and 
maintenance of an adequate blood flow to the 
infradiaphragmatic aorta. Adequate blood flow 
may be provided by the previously developed 
collateral circulation, by prosthetic replacement 
of the diseased aorta, or by an extraanatomical 
bypass of the aorta. 

The use of the extraanatomical axillofemoral 
bypass is attractive because it provides for the 
prosthetic bypass material to be placed in a 
noninfected site. Infection of the graft is more 
readily apparent at the subcutaneous level, and 
it provides easy access should postoperative 
infection occur. It obviates a period of ischemic 
insult to the kidneys and other infradiaphrag- 
matic organs, whose integrity may already be 
compromised by conditions such as nephritis 
or sepsis. It avoids the need for heparinization, 
which is usually employed with temporary 
shunts. Recent analysis of patency rates of axil- 
lofemoral bypass grafts shows that they usually 
endure when runoff is adequate [15]. 

In spite of the disadvantages of requiring a 
second operation for anatomical reconstruction, 
we recommend extraanatomical axillofemoral 
bypass as the procedure of choice if operation is 
undertaken in the presence of active infection. 

A review of the literature and the reported 
cases suggest the following four points: 


1. Fever associated with hematuria or azotemia 
in a patient with coarctation of the aorta may 
indicate the presence of bacterial endarteritis 
and an immune-complex glomerulonephri- 
tis. Blood cultures and serum complement 
levels must be obtained to confirm this 
diagnosis. ) 

2. The immune-complex nephropathy asso- 
ciated with bacterial endarteritis occurs fre- 
quently and responds to treatment of the 
infection, although abnormal renal function 
may persist for months. 

3. The management of bacterial endarteritis 
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consists of specific antibiotic therapy moni- 
tored by measurement of serum antibiotic 
levels, and the prompt identification of 
mycotic aneurysms, which can develop 
rapidly despite antibiotic treatment. 


. The development of a mycotic aneurysm is 


an indication for immediate operation 
whether or not the bacterial infection has 
been controlled by antibiotics. The insertion 
of an axillofemoral bypass graft offers a 
satisfactory alternative to placement of an 
aortic graft at the site of the infection. 
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Structure-Related Thrombosis 
Involving a Porcine Xenograft Valve 


Rodney D. McComb, M.D., Fred D. Stahmann, M.D., William N. O’Connor, M.D., 


and Edward P. Todd, M.D., Ph.D. 


ABSTRACT A patient developed.acute congestive 
heart failure following chordal rupture and under- 
went mitral valve replacement with a porcine xeno- 
graft. He recovered adequate hemodynamic function 
but died one month later with widespread broncho- 
pneumonia. Postmortem examination revealed a 
prominent muscular shelf in the right coronary leaf- 
let of the xenograft, and focal thrombosis involving 
the adjacent sewing ring and left atrial wall. The 
location of the thrombus suggests that it formed as a 
result of local stasis behind the large muscular shelf. 
Limiting the size of this muscular shelf by valve 
selection and construction may reduce the throm- 
bogenicity of this prosthesis. 


The glutaraldehyde-preserved porcine xeno- 
graft valve has been used for several years as a 
replacement for aortic and mitral valves [1-3, 
5-8, 10-15, 18, 19, 21, 22]. Although a major 
advantage of this bioprosthesis is low thrombo- 
genicity, occasional thrombotic complications 
have been reported. Left atrial thrombosis 
with valve obstruction has occurred following 
mitral valve replacement [8, 9, 17], and throm- 
bosis in the sinuses of Valsalva of the xenograft 
has produced valve stenosis in both the aortic 
and atrioventricular positions [4, 10, 17, 20]. 
However, the reports cited do not relate these 
thrombotic events to the structure of the 
xenograft. 

The patient presented here is unique in that 
left atrial thrombosis clearly occurred in relation 
to the muscular shelf in the right coronary cusp 
of the valve. This finding. suggests that valve 
selection that minimizes the size of this shelf 
will avoid an excessive area of potential stasis 
and thereby reduce the thrombogenicity of this 
prosthesis. 
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The patient was a 62-year-old man who 
developed nausea, vomiting, and increasing 
dyspnea for several days prior to admission. 
There was no chest pain and no history of car- 
diovascular disease, including angina, conges- 
tive heart failure, rheumatic fever, hyperten- 
sion, diabetes, or known heart murmur. The 
patient was taking no medication. Physical ex- 
amination revealed hypotension, diffuse rales 


‘throughout both lung fields, a loud ventric- 


ular gallop, a systolic thrill at the lower 
left sternal border, and a grade 5/6 systolic 
murmur at the left sternal border and apex 
which radiated throughout the precordium. A 
chest roentgenogram demonstrated pulmonary 
edema and slight cardiomegaly; the electrocar- 
diogram showed nonspecific T wave changes, 
low voltage, and questionable left atrial en- 
largement. There was no evidence of recent or 
old myocardial infarction. An emergency car- 
diac catheterization revealed severe mitral in- 
sufficiency with regurgitant flow across the 
mitral valve of 8.9 liters per minute and a regur- 
gitant fraction of 0.78. The posterior leaflet was 
thin and bulged into the left.atrium. There was 
no ventricular septal defect. The patient under- 
went mitral valve replacement with a porcine 
xenograft. Rupture of the chordae tendineae 
was confirmed, and myxoid degeneration of 
the mitral valve was demonstrated histologi- 
cally. No intracardiac thrombosis was present. 

Our usual procedure with the porcine valve 
is to prescribe oral anticoagulants for, three 
months postoperatively. Since the patient was 
unable to take oral medication, he was initially 
given heparin, 500 units per hour _intrave- 
nously; this caused no major alteration in clot- 
ting ‘studies. The patient recovered adequate 
hemodynamic function but suffered multiple 
complications. Initially he could not be extu- 
bated due to difficulty in mobilizing secretions. 
He then developed diffuse bronchopneumonia 
and gram-negative sepsis. High concentrations 
of oxygen were required to prevent hypoxia. A 
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Fig 1. Left atrial surface of the porcine xenograft, 
showing the stiff ridge formed by the muscular portion 
(M) of the right coronary leaflet. There is thrombosis of 
the adjacent sewing ring and left atrial wall (arrows). 


coagulopathy and severe thrombocytopenia 
developed, with the platelet count reaching a 
nadir of 7,500 per cubic millimeter. Heparin 
was discontinued, and the patient received 
multiple platelet transfusions. There was per- 
sistent moderate elevation of the partial throm- 
boplastin time and the prothrombin time. The 
patient’s pulmonary function continued to de- 
teriorate, and he died on the thirty-first post- 
operative day. During this period he had two 
episodes of transient atrial fibrillation lasting 
from 24 to 48 hours. 

Postmortem examination revealed an intact 
porcine xenograft in the mitral positon. The 
muscular portion of the right coronary leaflet of 
the porcine valve formed a stiff ridge near its 
insertion on the stent, and there was extensive 
organizing thrombus on the adjacent sewing 
ring and in the left atrium immediately prox- 
imal to this ridge (Fig 1). Histological examina- 
tion of the right coronary leaflet revealed 
prominent myocardial tissue contiguous with 
the fibrous portion of the leaflet, in which the 
cellularity was well preserved (Fig 2). The elas- 
tic and fibrous structure was intact, and there 
were small focal deposits of fibrin on the sur- 
face of the leaflet. No other left atrial thrombi 
were present. There was a small mural throm- 
bus in the right atrium at the site of the recent 
cardiomyotomy, and there were nonbacterial 
vegetations on the tricuspid and aortic valves. 





Fig 2. Photomicrograph of the right coronary leaflet of 
the porcine xenograft. There is a prominent shelf of 
porc.me myocardium (left) contiguous with the fibrous 
portion of the leaflet (right). (Elastic-van Gieson- 
Trichreme; original magnification x5.) 


Systemic embolization had occurred, with sec- 
ondary recent renal and splenic infarctions. 
Other cardiac lesions included a recent small, 
nontransmural posteroseptal myocardial in- 
farct; moderate interstitial fibrosis; and a small 
atrial septal defect. There was widespread 
bronchopneumonia with microabscess forma- 
tion and early organization. 


Comment 
The location of the left atrial thrombus suggests 
that it formed as a result of stasis behind the 
large muscular shelf in the right coronary leaflet 
of the porcine valve. Although the muscular 
shelf is a unique and unavoidable feature of the 
porcine xenograft, the size of the shelf is vari- 
able. The valve is prepared by mounting a 
glutaraldehyde-preserved porcine aortic valve 
on a flexible polypropylene stent, which can be 
individually altered to produce close coaptation 
of the leaflets [16, 22]. Since the porcine right 
coronary leaflet is supported by a shelf of 
myocardium, the inflow orifice of the assem- 
bled xenograft is elliptical and has an eccentric 
position in relation to the annulus of the stent 
[16]. In addition, the muscular shelf decreases 
the pliability of the right coronary leaflet [14]. 
These structural features would affect blood 
flow through the valve and could account for 
local stasis in the region of this leaflet. 
Previous reports have described thron{bosis 
of the left atrial surface and of the coronary 
sinuses of the porcine xenograft, but the mus- 
cular shelf has not been specifically mentioned 
as a feature that influences thrombus formation 
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[4, 8-10, 17, 20]. However, right coronary leaflet 
involvement was evident in many of the re- 
ported cases. Yarbrough and associates [20] ob- 
served focal thrombosis in the right coronary 
sinus in 1 of 7 porcine valves, and Johnson and 
co-workers [10] described fatal thrombotic oc- 
clusion due to thrombosis in 2 of the sinuses, 
including the right coronary sinus. In each in- 
stance a prominent muscular shelf was de- 
monstrated histologically. It appears that the 
muscular shelf may predispose to thrombus 
formation on either side of the valve. 

It is recognized that decreasing the size of the 
muscular shelf would increase the area of the 
inflow orifice and improve the hydraulic prop- 
erties of the porcine valve [14]. In vitro flow 
testing is one method of accomplishing this, by 
detecting those valves in which a large muscu- 
lar shelf is producing relative stenosis of the 
inflow orifice. An alternative approach, cur- 
rently under investigation, is the construction 
of a composite valve in which the right coro- 
nary leaflet is replaced by a leaflet that does not 
contain a shelf of myocardium. In addition to 
bringing about improved hemodynamic per- 
formance, efforts to limit the size of the muscu- 
lar shelf may also reduce the thrombogenicity of 
the porcine xenograft valve. 
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CORRESPONDENCE 


Repair of Aortic Dissections 
To the Editor: 


We were interested to read the recent report of Dr. 
Berger, “A Simplified Plastic Repair for Aortic Dis- 
sections” (Ann Thorac Surg 25:250, 1978) and 
would appreciate the Opportunity to draw to the at- 
tention of your readers our experience with an almost 
identical technique that was reported some 16 years 
ago [4]. Further experience with this technique was 
reported subsequently [1-3]. I think you will agree 
the illustrations in these references show a very 
similar technique. 


George C. Morris, Jr., M.D. 
Gerald M. Lawrie, M.D. 


Cora and Webb Mading Department 
of Surgery 

Baylor College of Medicine 

Texas Medical Center 

Houston, TX 77030 
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Reply 

To the Editor: 

I welcome the implied endorsement of the simplified 
repair for aortic dissections that I described in my 
Paper. 

As usual, it is moot to engage in the battle of who 
was first. Nevertheless, it is fair to point out that 
although the illustrations in the references cited by 
Drs. Morris and Lawrie are similar to those in my 
paper, the texts describe the procedure as transection 
of the dissected aorta, excision of the aortic segment 
containing the intimal tear, and end-to-end anas- 
tomosis of the two aortic ends, with or without graft 
interposition. None of those papers state that the ex- 
cision of the aorta is limited to the anterior wall 
and that the posterior wall is left intact. Thus, 
all four articles advocate the conventional repair of 
aortic dissections and in no way refer to the simpler 
technique I described. I have to conclude that the il- 
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lustrations do not accurately depict the procedure de- 
scribed by the authors. It is of note that subsequent 
Papers and textbooks citing the same references as 
those listed by Morris and Lawrie refer to classic re- 
pair and do not mention the one I have reported. 


Robert L. Berger, M.D. 


Department of 
Cerdiothoracic Surgery 
Boston University Medical Center 
75 E Newton St 
Boston, MA 02118 


Bronchial Artery Embolization 
To the Editor: 
I reac with considerable interest the report by Dr. 
Senhat and associates, “Massive Pulmonary Hemor- 
rhage: Surgical Approach as Choice of Treatment” 
(Ann Thorac Surg 25:12, 1978). Their data leave no 
doubt that prompt localization of the bleeding site 
with subsequent surgical excision of abnormal lung 
represents the treatment of choice. However, pa- 
tients who refuse operation or who are not suitable 
for operation because of poor respiratory function or 
bilateral lung disease or because of the surgeon’s in- 
ability to localize the site of hemorrhage remain a 
therapeutic problem and have a high mortality. 
Several recent reports [1-3] have stressed the value 
of bronchial arteriography with transcatheter em- 
bolization of bronchial arteries in the treatment of 
patients with massive, life-threatening, or repeated 
hemoptysis who havea temporary or permanent con- 
traindication to operation. Remy and colleagues [2] 
treated M04 patients with hemoptysis by emboliza- 
tion of bronchial and nonbronchial arteries supply- 
ing diseased areas of lung. As in the series of Sehhat 
and associates, tuberculosis and bronchiectasis were 
most often responsible. Among 49 patients treated 
by embolization during an episode of acute bleed- 
ing, 41 experienced immediate cessation of hemop- 
tysis; 6 cf these 41 had recurrence 2 to 7 months after 
embolization, but 35 had no further bleeding during 
a follow-up of 2 to 30 months. It must be emphasized 
that all of these 41 patients survived the acute epi- 
sode of hemorrhage. Although the fate of the other 8 
patients who were treated without cessation of 
hemoptysis remains unclear, certainly the survival of 
these 49 patients far exceeds the 15% 25-day survival 
reported by Sehhat and associates for nonoperable 
patients. Others [1, 3] have reported similar success 
in treating patients with massive hemoptysis who 
were not suitable for operation. Among the 104 pa- 
tients seen by Remy and colleagues [2], complica- 
tions have been limited to necrosis of the small bowel 
(1 patient), brief epigastric pain (1 patient), and sub- 
sternal chest pain and fever of two or three days du- 
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ration (10 patients). Transverse myelitis caused by 
embolism of spinal arteries is a potential, but unre- 
ported, complication of this procedure [1]. 
Although bronchial artery embolization has noi 
yet gained widespread recognition, it is hoped that 
this procedure can provide an effective means of 
treating patients with massive pulmonary hemor- 
rhage who are not candidates for operation. Perhaps 
the high mortality reported by Sehhat and co- 
workers for nonoperable patients can be reduced. 


W. Richard Webb, M.D. 


Department of Radiology 
University of California 
San Francisco, CA 94143 
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Reply 

To the Editor: 

I have no doubt that because of high mortality in 
patients with massive pulmonary hemorrhage who 
cannot or will not undergo operation, another type of 
effective treatment should be considered. Thus, Dr. 
Webb’s comment regarding the value of bronchial 


embolization in treating these patients could be help- 
ful. 


Siavoush Sehhat, M.D. 


Department of Surgery 
Esfahan Medical School . 
160 Shah Ave 

Esfahan, Iran 


REVIEW OF RECENT BOOKS 


Diagnosis of Diseases of the Chest (Vol I) (2nd ed) 
By Robert G. Fraser, M.D., and J. A. Peter Paré, M.D. 
W. B. Saunders Company, Philadelphia, 1977 

656 pp, illustrated, $22.50 


Reviewed by Alan Marty, M.D. 


Like Plato with his cave analogy, many of us share a 
longing to understand intrathoracic truths by view- 
ing mere roentgenographic shadows. Few of us, 
however, consistently base our roentgenographic 
diagnosis on so firm an analytic foundation as that 
presented by Fraser and Paré. Connoisseurs of this 
classic text may recall the delectable feast of original 
case material, prepared with synthesizing percep- 
tion, organizational perfection, and well-chosen 
documentation. The new edition, as exemplified by 
this updated first volume, maintains this quality and 
adds depth. 

The original two volumes have been expanded to 
four, and the number of references cited has dou- 
bled. Volume 1, covering roentgenographic, patho- 
logical, and clinical methods, the normal chest, 
roentgenographic signs, and congenital anomalies, 
contains twice as many illustrations and pages as the 
older, equivalent chapters. To enhance reading ease, 
all subject headings are offset and more boldface type 
has been used. Separate bibliographies are placed at 
the end of each volume. Although the length of this 
book threatens to relegate it to the reference shelf, the 
smooth narrative flow and the authors’ inability to be 
boring could tempt readers to consume it like a best 
seller. Try the section on acid-base balance—even 
this topic emerges as enjoyable reading! 

The authors reexamine commonplace observations 
with unpretentious erudition: for example, the but- 
terfly pattern of pulmonary edema. Apparently, the 
greater ventilatory excursion of the lung periphery 
facilitates edema clearance by the lymphatics, thus 
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leaving the centrally dense edema to create the but- 
terfly image on the chest roentgenogram. New pro- 
cedures such as bronchial arteriography for localiz- 
ing severe hemoptysis are mentioned. Practical 
pointers abound as well, such as the authors’ tech- 
nique of making a bedside roentgenogram. They 
‘oad two films in a single cassette, Overpenetrate, and 
thereby simultaneously obtain proper exposure of 
both the lung and the mediastinum. Furthermore, 
Fraser and Paré fearlessly raise timely issues such as 
cost/benefit considerations. In this regard, they note 
a growing disenchantment with bronchography, and 
they perform only one bronchogram per month now 
instead of three per week as a decade ago. 

While celebrating science and rational thinking 
throughout, the authors unashamedly also point out 
their (and our) limits of knowledge. For example, 
miliary tuberculosis shows up on roentgenograms 
even though the lesions measure below the limit 
of threshold visibility. Tubular roentgenographic 
shadows reminiscent of bronchiectasis sometimes 
appear in histologically normal lungs. These roent- 
genological enigmas are examined, but left un- 
solved. 

Of course, even such a comprehensive text cannot 
discuss every relevant topic with equal depth. One 
might quarrel, for example, with the wisdom of al- 
locating two pages to pneumomediastinography 
while allowing only two sentences for computerized 
axial tomography. 

Like the first edition, the second edition continues 
to emphasize the value of the roentgenogram as a 
first step in diagnosis. But by integrating clinical, 
laboratory, pathological, and physiological informa- 
tion inte a unified whole, it will continue to function 
as a bible for all physicians interested in chest dis- 
ease. 
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H IS SMOOTHER? 


because. . . there is a difference. 
DEKNATEL braided polyester sutures are: 


2. WHICH IS SOFTER, MORE FLACCID? 





H IS FINER 


H ARE YOUJUSING? 


| DEKNATEL| 


‘SUTURE COMPARISON KIT 


DEKNATEL 


e smoother, for better tie-down 
ba softer, for greater knot security 
* e finer (size for size), for less bulk 





* Of 250 surgeons who compared Polydek® , Tevdek® , and, ETHIBOND®, gig 
chose Deknatel as the smoother, softer, finer suture. 
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CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7079 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 32, ABS and ABTS 
certification, completing additional fellowship in car- 
diovascular surgery, FLEX, seeks association in group or 
partnership. 


Please respond to W-57, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
Sait Ginna enceinisaissekChanss earashsitescioaciaindin Keeton 
Board-certitied, university-trained thoracic surgeon, 35, 
seeking to relocate. Two years’ experience in private prac- 
tice. Position with active cardiovascular surgery practice 
desired. Available immediately. 


Please respond to W-137, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, married, ABTS eligi- 
ble, university trained, completing Berry Plan military obli- 
gation June 1979, seeks position. Broad experience in car- 
diac, vascular, and thoracic surgery. 


Please respond to W-140, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, ABS and ABTS 
certified, university trained. Experience includes peripheral 
vascular surgery. Flexible in type of practice. 


Please respond to W-146, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, university 
trained, seeks possible position in group or partnership. 
Special interest in adult cardiac surgery. Available July, 
1979. No geographic preference. 


Please respond to W-147, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-28 


Thoracic and cardiovascular surgeon, 37, ABS and ABTS 
certified, seeks group association/partnership. Experience 
Im coronary artery, thoracic, and vascular surgery and 
trauma. 


Pease respond to W-148, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
eee 
Cardiothoracic surgeon, 37, with excellent training includ- 
ing additional cardiovascular fellowship, seeks relocation 
into private practice along East Coast. Extensive experience 
with adult and congenital cardiac surgery in large univer- 
sity program. Letters of reference available. 


Please respond to W-149, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Mature, certified, university-trained cardiothoracic and 
vascular surgeon with thirteen years of private practice ex- 
perience wishes to relocate. Seeks association in group 
practice or partnership. Curriculum vitae and bibliography 
aveilable on request. 


Please respond to W-150, The Annals of Thoracic Surgery, 
C-7779 University Hospital, Ann Arbor, MI 48109. 
eee 
Cardiovascular and thoracic surgeon, 31, university trained 
in all aspects of adult and congenital cardiac and thoracic 
surgery, seeks position with group or association in the 
central Atlantic states. 


Please respond to W-151, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor MI 48109. 
eee 
Cardiothoracic surgeon, 35, ABS certified, thoracic surgical 
residency completed, seeks position in Midwest or West in 
solo or group practice, leading to partnership. Presently 
finishing fellowship in cardiovascular surgery, one year of 
pract-ce in general and cardiovascular surgery. 


Please respond to A. Olivier, M.D., 245-27 76th Ave, 
Bellerose, NY 11426; tel: (212) 343-8292. 
eee 
Cardiovascular and thoracic surgeon, 32, married, seeks 
group position doing cardiac, thoracic, and vascular sur- 
gery. Congenital and adult experience, ABS certified, ABTS 
eligib.e. University training will finish June, 1979. Avail- 
able July 1, 1979. Southeast desired. 


Please respond to W-153, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

ee a 
Thoracic and cardiovascular surgeon, 46, retiring from mil- 
itary, wishes to practice thoracic surgery with group or in 
partnership. Currently chairman of residency training pro- 
gram. ABS and ABTS certified. Available summer, 1979. No 
geographic preference. 


Please respond to W-154, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
m 
Thoracic and cardiovascular surgeon, 33, seeks position in 
small group, preferably one other surgeon. Trained in 
midwestern university; experience in adult and pediatric 
thoracic and cardiovascular surgery. Prefers Southeast but 
will consider all locations. Available July, 1979. 


Please respond to W-155, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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Cardiovascular and thoracic surgeon, 38, ABS certified, 
completing residency in June, 1979, at university center, 
seeks position with group in private or academic practice, 
Excellent training in adult and pediatric cardiac surgery 
with special experience in thoracic surgery. No geographic 
preference. Available July, 1979. 


Please respond to W-157, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgical resident, 32, married, 
finishing university training in Houston, seeks private 
practice, association/partnership with active cardiothoracic 
group or academic appointment in New England or Middle 
Atlantic states. ABS certified. Curriculum vitae available 
upon request. 


Please respond to L. Von Koch, Cora and Webb Mading 
Department of Surgery, Texas Medical Center, Houston, 
TX 77030. 


Thoracic and cardiovascular surgeon, trained in both adult 
and pediatric cardiac surgery, seeks opportunity to practice 
specialty. Available July, 1979. 


Please respond to W-159, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 32, strong university 
background, ABS certified, ABTS eligible, desires associa- 
tion with group on East Coast. Primarily interested in 
thoracic and peripheral vascular surgery. Available July, 
1979. 


Please respond to W-160, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 34, university trained 
in all aspects of cardiovascular and thoracic surgery desires 
association leading to partnership with private group. ABS 
certified, ABTS eligible. Completing training June, 1979, 
Rush-Presbyterian-St. Luke's, Prefers West Coast but will 
consider other locations. 


Please respond to W-161, The Annals of Thoracic Surgerv, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


«Cardiovascular and thoracic surgeon, completing training 
in July 1979, seeks position with cardiothoracic group or 
association leading to partnership. Well trained in all as- 
pects of cardiac, pulmonary, and esophageal surgery. 
Locale flexible, prefers Northeast. 


Please respond to W-162, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 42, seeks 
associatiorn/partnership. University trained, M.B., M.S., 
F,R.A.C.S., F.R.C.S.(C), 9 years’ general thoracic and closed 
cardiac experience in India. Two years’ experience each in 
UK, Canada, US, in open-heart surgery. 


Please respond to W-163, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Mature surgeon, Board certified in general and thoracic- 
cardiovascular surgery, desires to relocate to a city with a 
population greater than 60,000 or within one hour's drive. 
Intere$ted in thoracic, peripheral vascular surgery. Willing 
to do general surgery. 


Please respond to W-164, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 33, completing resi- 
dency in June 1979, at large, New York medical center, 
seeks position. Well trained in all facets of adult and pediat- 
ric cardiothoracic surgery. FLEX, ABS certified. Will con- 
sider all geographic locations; flexible in type of practice. 


Please respond to W-165, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Pediatric cardiothoracic surgeon who established open- 
heart surgery in university environment seeks opportunity 
to advance career. ABS and ABTS certified. Curriculum 
vitae and bibliography available. 


Please respond to W-166, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, Ml 48109. 


SITUATIONS AVAILABLE 


Thoracic and vascular surgeon wanted immediately to join 
busy private practice in suburban New York. No cardiac 
surgery. Applicant must be ABTS eligible or certified. 


Please respond to A-82, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted to join two- 
man group in busy, university-affiliated practice in Mid- 
west. Limited to cardiac, thoracic, and vascular surgery. 
Board eligibility or certification required. Prefer applicant 
who has recently completed residency. 


Please send curriculum vitae to A-83, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


Assistant or associate professor of cardiothoracic surgery 
wanted at University of Washington School of Medicine. 
Candidates must have outstanding clinical skills in con- 
genital heart surgery and strong academic interest in 
teaching and research. 


Send curriculum vitae and three references to D. W. Miller, 
M.D., Department of Surgery (RF-25), University of Wash- 
ington, Seattle, WA 98195. 


Thoracic and cardiovascular surgeon, Board eligible or cer- 
tified, wanted by group in eastern US. Practice limited to 
thoracic, cardiac, and vascular surgery. 


Please submit curriculum vitae and bibliography before we 
arrange personal interview to A-85, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 


Position available for assistant professor of cardiothoracic 
surgery at Southwestern Medical School. Must be Board 
eligible in thoracic surgery and sufficiently experienced to 
operate independently with resident staff. Research op- 
portunities available. 


Please submit curriculum vitae to Melvin R. Platt, M.D., 
Chairman, Division of Cardio-Thoracic Surgery, 5323 Harry 
Hines Blvd, Dallas, TX 75235. Equal opportunity employer. 





Perfusionist, extracorporeal circulation, wanted. Excellent 
opportunity for experienced pump-oxygenator technician 
in beginning clinical program of open-heart surgery. 


Please respond to J. L. Hamman, M.D., Trover Clinic, 
Clinic Drive, Madisonville, KY 42431; tel: (502) 821-7171, 
ext 323. 





—————— 


Fellowship in thoracic and cardiovascular surgery available 
1979. 


Please respond to Drs. Urschel and Razzuk, Baylor Univer- 
sity Medical Center, 3500 Gaston Ave, Dallas, TX 75246; 
tel: (214) 824-2503. 
eee 
Thoracic surgeon, Board eligible or certified, wanted to join 
an established thoracic surgeon in the Boston area. 


Please respond to A-89, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ee 
Fully approved cardiothoracic surgery residency available 
July 1, 1979. Well-rounded training program including all 
aspects of thoracic surgery. 


Please respond to A-90, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

eee 
Cardiovascular-thoracic surgeon seeking associate to begin 


as soon as possible. Growing practice in greater Kansas 
City, MO area. 


Send reference letters with initial correspondence to Joanne 
Mehmert, Office Manager, Westowne IV Suite 205, Liberty, 
MO 64048. 
eee 
Fellowship in cardiac surgery available July 1, 1979. Ap- 
proximately 300 open-heart procedures per year, predomi- 
nantly coronary bypass surgery. 


Please respond to George E. Green, M.D., 1090 Amsterdam 
Ave, New York, NY 10025. 
Sn pete 
Thoracic and cardiovascular surgeon, Board certified or 
eligible, wanted to join active private cardiovascular and 
thoracic group in southwestern US. 


Please respond to A-93, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
eee 
Cardiovascular and thoracic surgeon wanted. One- or 
two-year fellowship in adult and pediatric cardiac surgery. 
Strong clinical program in assisted circulation. Excellent 
benefits. 


Please respond to A-94, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
eee 
Vacancy for thoracic and cardiac surgeon as assistant pro- 
fessor in large teaching hospital. Must have genuine inter- 
est in research, clinical or laboratory. Opportunities to do 
both thoracic and cardiac surgery. 


Please respond to Donald R. Kahn, M.D., University of 
Wisconsirt Center for Health Sciences, Madison, WI 
53706. An equal opportunity/affirmative action employer. 
a crenata ates meanness 
Young thoracic and cardiovascular surgeon, Board eligible, 
wanted to join busy thoracic and cardiovascular practice in 
southern California city. 


Please respond to A-96, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ae ress een inmbaceineeeenaioe 
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Cardiothoracic surgeon, Board certified or intending to be 
certified shortly, invited to join established cardiac, 
thoracic, and peripheral vascular surgery service in Illinois. 


Send curriculum vitae to A-97, The Annals of Thoracic Sur- 
gery, C-7079 University Hospital, Ann Arbor, MI 48109. 
—_————— Sean 
Cardiovascular and thoracic surgeon, Board eligible or cer- 
tified, wanted to join established practice in medium-sized 
midwestern city. Adult cardiac, general thoracic, and vas- 
cular surgery. Association leading to partnership. 


Send curriculum vitae to A-98, The Annals of Thoracic Sur- 
gery. C-7079 University Hospital, Ann Arbor, MI 48109. 
ee 
Appreved residency in thoracic and cardiovascular surgery 
available, large metropolitan center near NYC. Active 
open-heart, general thoracic, and pacemaker programs; 
520-bed hospital. Candidate must have completed general 
surgery training. Salary of $18,200, vacation, dental plan, 
BCBS and residence benefits. 


Please respond to A-99, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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Subscription Service 


Attach your mailing 
label here 


and mail this whole 


form to 

The Annals of Thoracic Surgery 
Little, Brown and Company 

34 Beacon Street 

‘Beston, MA 02106 


Change of Address? 

Please give us 4 weeks advance notice. Attach the label 
for your old address above, write in your new address 
below. 


Entering a New Subscription? 

Check the box and fill in your name and address be- 
low. Include your check in the amount shown below. 
(To order a gift subscription please attach a separate 
sheet with full instructions and include payment.) 


Renewing? 

Check the box below, include your check in the 
amount shown below — and make sure your mailing 
label is correct. 


A Question, Complaint? 
We can serve you better and faster if you will enclose 
your mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
1 Year (12 issues) 


USA Canada Foreign 


Individual $34.50 $35.50 $37.50 
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SUPERIOR 
AXIOM 


AXIOM’S SILICONE FORMULATION 

DEFEATS CLOT BUILDUP WITHIN 
HE CATHETER ITSELF. IT IS SOFT, 
FLEXIBLE, AND LESS TRAUMATIC. 


AXIOM’S ENLARGED SMOOTH 
DRAINAGE EYES AND MAXIMUM 
INNER DIAMETER OFFER VAST 
DRAINAGE CAPACITY IN THE 

AXIOM THORACIC SILICONE CATHETER . 


AXIOM COMBINES LARGE 
INNER DIAMETER WITH LOW, 
FLATTENED PROFILE IN THE 
SUPER SOFT, CONTOUR-HUGGING 
AXIOM MEDIASTINAL SILICONE CATHETER .... 
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INTERMEDICS PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse forma- 
tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart block unre- 
sponsive to drug therapy 

PRECAUTIONS Implanted pacemakers have a finite and rela- 
tively wide variable service life as a result of factors such as the 
nitial capacity of the battery and the shelf storage time of the 
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manufactured pacemaker; variations in electrode system resis- 
tances, stimulation rate, and the percentage of time the im 
planted pacemaker is inhibited; and random electronic 
component failures 

Pacemaker operation can be influenced by electric, magne- 
tic, or electromagnetic energy mimicking normal cardiac ac 
tivity. In addition, certain environmental sources can couple 
sufficient energy into a pacemaker system to damage the pulse 
generator. Specifically, diathermy should not be used on 
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pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib- 
rillation; defibrillation can damage the pacemaker, and the 
presence of the pacemaker may cause increased cardiac muscle 
damage from defibrillation. Certain electrical and gasoline- 
powered appliances can cause inhibition of an implanted 
cardiac pacemaker system 

For complete precautions, see the Physician's Manual for 
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the Intermedics cardiac pulse generator to be used 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported 

Neither of the models pictured are cardiac pacemaker 


You want her pacemaker 


to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.” 





A thinner, lighter pacemaker 


for your patient’s well being. 


No one has to tell you that a 
pacemaker implant raises a 
number of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, “How much will it show?" 
At Intermedics, we are cognizant of 
this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you the 
reliability of our CMOS circuitry in 
a trimmer, more compact size. 
Yes, the ThinLiths employ the 
same dependable CMOS circuitry 
proven successful in our other 
Intermedics pulse generators. In 
addition, the lighter weight, 
reduced thickness and smoothly 
rounded corners reduce pocket 
bulge and add to the post-operative 
comfort of your patients. Also, the 


ThinLith design helps to reduce 
skin pressure necrosis and the 
chances of pacemaker migration 
within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients’ concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those 
designer originals. Contact your 
Intermedics representative for 
more information on the ThinLith 
series. 

Typical dimensions of the ThinLiths 


Height Width Thickness Weight Vi lume 


(cm) (cm) (cm) (g) (cm3) 
ThinLith I* 6.6 4.0 1.1 78 30 
ThinLith I1* 6.0 46 1.1 68 275 
ThinLith IH 5.1 46 1] 55 22 


The ThinLith. 


Part of a Superior Pacing 
System From Intermedics. 


X Intermedics Inc. 


P.O. Box 617 
Freeport, Texas 77541 
Our business is life. 


ThinLith is a trademark of Intermedics, Inc 
© Copyright 1979, Intermedics, Inc., Freeport, Texas 


* The ThinLith I and ThinLith II models 
(225-01 and 227-01) now carry a Patient 
Lifetime Replacement Agreement 
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A matter of survival . 

In antisepsis, there is no in-between. 
Pathogens are destroyed or they 
Survive. That is why hospital 
antisepsis is no place for compromise 
with the quality of an antiseptic. Just 
one pathogen species missed by 

an antiseptic can cause Serious 
problems. 

Maximum antiseptic 
protection 

With BETADINE Microbicides, you 
are assured of maximum antiseptic 
protection, confirmed by more than a 
billion applications to date. BETADINE 
Microbicides kill a broad spectrum of 
pathogens—both gram-positive 

and gram-negative bacteria (including 
antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts. 


illustration is artist's representation of organisms. 


Documented efficacy of 
BETADINE Microbicides 

The antiseptic use of BETADINE 
Microbicides has been abundantly 
documented—specifically by name in 
hundreds of published reports, 
encompassing thousands of clinical 
procedures. 


Chosen by NASA 

BETADINE Microbicides enjoy the 
distinction of having been chosen 
by NASA for disinfection pro- 
cedures in Apollo splashdowns 
and in the Skylab mission. 

With a wide range of forms, 
BETADINE Microbicides enable 

you to maintain a consistently high 
Standard of antisepsis for various 
Clinical needs throughout the 
hospital, enhancing the safety of 
physicians, nurses, patients and 
personnel. 
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The surest antiseptic 
is the best buy 


Purdue Frederick 


© Copyright 1978, The Purdue Frederick Company/ Norwalk, CT 06856 
A9049 201578 


BETADINE e, 
Microbicides 

Foremost 
documented |i vk 
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Functional performance considerations such as consistent gas transfer, 

heat exchange and defoaming have always been our highest objectives, and to 
insure consistently excellent performance case after case, we performance-test 
oxygenators from every lot we ship. 


There are many new, yet-to-be-proven oxygenators on the market. The most proven, 
un-new oxygenator that will give you consistent total performance is the Shiley 100A.* 


Shiley Sales Corp. 


m 17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0504 


(800) 854-3683 


an integral member of the open heart team Cable: SHILEYSLSIRIN 
Telex: 68-5585 


Mailing Address: 


"Patents 4,065,264 & 4,067,696 P.O. Box 11707 
Other patents pending 1978 Shiley Sales Corp. Santa Ana, California 92711 
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CPI offers new low profile 





sutureless myocardial lead 


with pressure-free release 


The moment of truth. The electrode’s in place as 
you prepare for disengagement of the head from the 
insertion tool. 

Until now, with sutureless leads you ran the 
risk of pushing or pulling on delicate heart tissue. 
But CPle has solved that with their new sutureless 
myocardial lead with pressure-free release. The CPI 
unique design allows you to maintain the electrode 
firmly in position while detaching the electrode 
with a retrograde motion. The head releases easily... 
without pressure. 

This is only part of the story. CPI engineer/ 
designers took triple-wound helical coil conductors 
to provide triple redundancy. They added a 10 mm2 
corrosion-free 70% platinum-30% iridium electrode. 
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Fatigue-resistant alloys. Biocompatible silicone 
rubber sheathing. Reliable materials. Reliable 
engineering. 

In total, this new concept in sutureless leads is 
consistent with CPI leadership in lithium pacemakers 
that continue to set industry standards for 
reliability. Find out more today by writing or calling 
CPI toll free, 800-328-9588. 

pet A Site Cardiac Pacemakers, Inc. 
4100 North Hamline Avenue 


P.O. Box 43079 
St. Paul, Minnesota 55164, U.S.A. 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 


©1978, Cardiac Pacemakers. Inc. 


CPI 


NEW CPI 
LOW-PROFILE 
ELECTRODE 


OTHER SUTURELESS 
ELECTRODE PROFILE 


ACTION = 
PRESSURE 


FREE 
RELEASE 


A BUTTON-SLIM SILHOUETTE is significantiy lower OLDER METHOD requires 

in height than sutureless leads presently available a pushing action toward the at- 
tachment point. The CPI lead 
detaches from the insertion 
tool, with a movement away from 
the heart. 
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Long-term holding power... 





TI-CRON’ silicone-treated polyester suture. 


TI CRON gives you optimal passage through tissue. 


security in cardiovascular TIleCRON also handles easily. 
surgery...including prosthesis It does not stretch, and knots 
implantation. It offers you slide easily into place without 
exceptional strength and chatter. 

holding power, plus flexibility TIeCRON. The proven 

and softness. It is treated with suture with long-term holding 
physiologically inert medical- power for long-term security in 
grade silicone for smooth cardiovascular surgery. 


* Trademark 





DAVIS+GECK 


American Cyanamid Company 
Pearl River, N.Y. 10965 
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Castaneda infant cardiovascular instruments 
are designed from the beginning for infant surgery. 
They are not scaled down adult instruments. They are uniquely 
delicate, precise, and well balanced. 


Each clamp is individually set to minimize trauma to small 
vessels even when closed to the final ratchet. The 
sternal retractors are entirely new, with shallow conforming blades 
and a low glare finish. The forceps are extra fine (Imm tips) 
and made of light, long-lasting titanium. The smooth jaw Mixter 
minimizes the chance of cutting sutures. 


All told there are ten instruments plus 
the sterilizing case, available as a kit or separately. 
Call us toll free, 800-225-0462, and we'll be happy to demonstrate. 
Codman, Randolph, Mass. 02368. . 


Codman 


© 1978 Codman & Shurtleff, Inc. 
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DISPOSAB SKIN, STAPLER 


PROXIMATE 


The new PROXIMATE Disposable 
Skin Stapler offers an instrument 
with unique advantages superior to 
any other in the field. 

The PROXIMATE disposable skin 
stapler is engineered to precise 
surgical requirements of reliability, 
speed, control and placement, ease 
of use and comfort. It avoids the 
disadvantages of current devices and 
provides benefits for the surgeon, 
nurse and patient, as well as the 
hospital. The staple extractor is also 
designed for easy use and patient 
comfort. 
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RELIABLE HUMAN ENGINEERED 


PROXIMATE skin stapler is a single-use, Made of space-age materials, the 
disposable instrument with preloaded PROXIMATE Disposable Skin Stapler 
Staples. Thus it is capable of completing weighs much less than conventionakskin 
most procedures without the loeding or staplers and requires less force to fire. 
reloading problems of conventicnal de- Minimal weight and force, smooth trigger 
vices. Itis always ready for immediate use. action and excellent vgsibility, provide 
more natural work angles for optimum 
control and accurate placement. 


© ETHICON, Inc. 1978 eee 





FAST 


Fully automatic. No precocking. No pre- 
loading. No waiting for conventional de- 
vices in use by other surgeons to be 
autoclaved and cooled. You are handed 
a fresh, new sterile instrument for your 
personal use far each procedure, just 
like an ETHICON*needle/suture armed 
in a needileholder, ready for use. 


NO MAINTENANCE 


Unlike reusable devices, the PROXIMATE 
disposable skin stapler requires no serv- 
icing—no time out for repairs, no clean- 
ing, scrubbing, lubricating, wrapping or 
resterilization. 
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Programmabldoryy istabout.to take’a quantum ' leap forward. 


Space-age breakthro gñs combined with Years of research bring you >» ` 
PR@GRAMALITH™, and suddenly, everything else is yesterday's 
technology! ' + 


When your patients’ needs are best served by fine-tuning of the pacemaker, ' 
PROGRAMALITH ™ will be the therapy of choice. The unique matrix display of the 
microprocessot-based programmer allows you an*unmatched ease of use and provides you with a 
constan} oye) of all program parameters. 


Give us a’c&all. Your Pacesetter pacemaker specialist will gladly provide you with tle full details of this dramatic 
technological advance. ' ; 
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® 
Pacesetter Systems, Inc. | 
Where Reliability Is a Way of Life 


Call today toll free (800) 423-5611 (in California call collect (213) 367-1911) 
12740 San Fernando Road, Sylma California 91342 USA e Telex: 69815, Cable: PAGESETTER 
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Wher¥a low S.M.. 

starting flow rate is 

desired; the patient raises 

only the Ball in the first chamber. 

The resting position of the second 

chamber Dall indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.1. flow rate is appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 





M ncenive , 
Deep-Breathing 
Exerciser 


hat: 

% 
enitors The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 


and hypoxemia— major respiratory complications of 
b w M SM. abdominal and thoracic surgery!? 
ustaifed Maximal Triflo II provides a unique, lightweight monitoring system 
spiration for slow S.M.1. When used as directed, Triflo II supports 
“...the most efficacious maneuver available for preventing 
and reversing alveolar collapse’? with minimal risk of 


“...gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation’? 


e as res Approximate measurement of patient progress can be 
u made and recorded by charting volume inspired per 
second: light blue (600 cc/sec)*; medium blue 


anent (900 cc/sec)*; dark blue (1200 cc/sec)* 
The physician, therapist or patient can evaluate progress 
§ f@Press quickly and efficiently, at a glance. 


*Volume inspired/ Time (sec.) 


etivates Iriflo II is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
improvement through the use of the three chamber 


2 
| @ three- system. Lightweight, economical, compact, easy to 


assemble, easy to use...requires minimum instruction, 


hal ! Der minimum supervision... ideal in the hospital or at home. 
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Suddenly 
the endocardial 


electrode has taken 
Anew twist. 


No one has to tell you what a problem conventional endo- 
ardial electrodes can sometimes be. Primarily because in 
aost electrodes, dislocation is a very real possibility. 

To answer the problem, Vitatron has come up 
vith a unique approach to the problem. Deceptively simple 
y design, and yet effective. 

Helifix. * 

Helifix, with its helically coiled tip, now enables 
ou to actually twist the electrode into the trabeculae with 
nly 2-3 clockwise turns. 

The result is a secure, yet relatively atraumatic, 
nchor that virtually defies dislocation 

And should repositioning become necessary, 
lelifix is just as easy to remove with just a simple 
ntwisting action. 

For quick mobilization of your patients without 
i€ fear of dislocation, for better fixation to other parts of 
le ventricle than the apex, Helifix is an ideal solution. 

We'd like you to learn more about Helifix. For 
test data and clinical evaluations, write us at: Vitatron 
fedical, Inc., One Gateway Center, Newton, MA 02158. 
1 Europe: Vitatron Medical B.V., P.O. Box 76,6950 AB 
heren, The Netherlands. 
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A new horizon in cephalosporin therapy 
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MANDOL'" 


2 gm* in 


cefomanacie Nafate 20 and 100-mi-size vials 


“ww Equivalent to cefamandole activity 
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| See reverse side for summary ot prescribing intormation. 
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Cefamandole Nafate 





Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections. including pneumonia caused by Streptococ- 
Cus pneumoniae (Diplococcus pneumoniae), Haemophilus influenzae. 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing). beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive). Enterobacter species. Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g.. S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus (penicillinaseand non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae. E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females, lower respiratory infections. and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro; however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending ontheseverity of the infection andthe patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mando! is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other ceohalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling’s solution or with Clinitest® tablets but not with Tes-Tape® (Glucose 
Enzymatic Test Strip, USP. Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy—Mandol has been effectively used in this age group. but 
all laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore. if Mandol is ad- 
ministered to infants, the physician should determine if the potential benefits 
outweigh the possible risks involved 


Adverse Reactions: Hypersensitivity —Maculopapular rash, urticaria, eosino- 

philia, and drug fever have been reported. These reactions are more likely to 

occur in patients with a history of allergy, particularly to penicillin. 
Blood — Neutropenia and thrombocytopenia have been reported rarely. 





Some individuals have developed positive direct Coombs tests during treat- 
ment wit the cephalosporin antibiotics 

Liver—Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been nected. 

Kidney— Decreased creatinine clearance has been reported in patients 
with pror renal impairment. As with some other cephalosporins, transitory 
elevations of BUN have occasionally been observed with Mandol: their fre- 
quercy increases in patients over 50 years of age. In some of these cases. 
there was also a mild increase in serum creatinine 

Local Reactions —Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely. 


Administration and Dosage: Dosage — Adults. The usual dosage range for 
cefamandole is 500 mg to 1 gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumonia. a dosage 
of 500 mg every six hours is adequate. 

In uncomplicated urinary tract infections, a dosage of 500 mg every eight 
hours s sufficient. In more serious urinary tract infections, a dosage of 1gm 
every eght hours may be needed 

In severe infections, 1-gm doses may be given at four to six-hour intervals. 

In life-threatening infections or infections due to less susceptible organisms, 
doses up to 2 gm every four hours (i.e.. 12 gm per day) may be needed. 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol. This may be increased to a total daily dose of 150 mg/kg 
(not to 2xceed the maximum adult dose) for severe infections. (See Warnings 
and Precautions for this age group.) 

Note As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymp*omatic or after evidence of bacterial eradication has been obtained: a 
min mum of ten days of treatment is recommended in infections caused by 
group 4 beta-hemolytic streptococci in order to guard against the risk of rheu- 
matic ‘ever or glomerulonephritis; frequent bacteriologic and clinical ap- 
pratsal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed: persistent 
infectioms may require treatment for several weeks: and doses smaller than 
those indicated above should not be used. 

Impaired Renal Function—When renal function is impaired, a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of 1 to 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of infection, and 
susceptibility of the causative organism. 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 
Life-Threatening 
Infections — 
Maximum Dosage 


Less Severe 
Infections 


Creatinine Clearance Renal Function 


(ml/min/1.73 m?) 


0.75-1.5 gm 
qé6h 


159gmq4h 
OR 


Mild Impairment 
2gmq6h 


Moderate 
Impairment 


Severe 
Impairment 125gmq8h 
Marked 0.67 OR 8h 
Impairment 


0.5-0.75 gm 


1gmqi2h nae 


0.25-0.5 gm 


0.75gmqi2h q 2h 


Wren only serum creatinine is available, the following formula (based on 
sex. weight, and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function. 

Weight (kg) x (146 — age) 

72 x serum creatinine 

0.9 x above value 


Males: 
Females: 


How Supplied: Vials Mandol® (cefamandole nafate, Lilly), for Injection, 500 mg 
and 1 gm (equivalent to cefamandole activity), 10-m! size, inpackages of 1 and 
Traypaks™ (multivial cartons, Lilly) of 25; 2 gm (equivalent to cefamanddle 
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Respiratory Acidosis 


with the Small Storz-Hopkins 
Bronchoscopes: Occurrence and Management 
Kang H. Rah, M.D., Arnold M. Salzberg, M.D., C. Paul Boyan, M.D., 


and Lazar J. Greenfield, M.D. 


ABSTRACT Carbon dioxide retention in the Storz 
rigid ventilating bronchoscope with the Hopkins 
lens system was investigated in the laboratory. The 
3.5, 4.0, and 5.0 30-cm Storz bronchoscopes with a 
3.95-mm (outside diameter) telescope lens were used 
in 10 mongrel dogs weighing between 8 and 15 kg. 
Significant (p < 0.01) accumulation of arterial car- 
bon dioxide tension (PaCO,) (respiratory acidosis) 
was observed after 5 and 10 minutes of ventilation 
through the 3.5 and 4.0 bronchoscopes, but no 
significant increase in PaCO, was noted with the 5.0 
bronchoscope. There was no significant change in 
arterial oxygen tension under the same conditions. 
Manual compression of the upper anterior ab- 


dominal wall during expiration was applied during | 


bronchoscopy in 6 children. Arterial blood samples 
were taken before insertion of the bronchoscope and 
5 minutes later with and without abdominal com- 
pression during expiration. A significant increase (p 
< 0.05) in PaCO, and a decrease.in pH were observed 
after 5 minutes of the bronchoscopic procedure 
without manual compression of the abdominal wall, 


while no significant changes in PaCO, were ob- 


served with abdominal compression. 


The Storz rigid ventilating bronchoscope with 
the Hopkins lens system is indispensable in 
pediatric operations. The ventilating channel 
(the space between the telescope lens and the 
bronchoscope) in the 2.5, 3.0, 3.5, and 4.0 bron- 
choscope is small, and high inspiratory. pres- 
sures are required to deliver a fixed volume of 
gas. In infants, passive pulmonary expiratory 
pressures and chest wall recoil may not be ca- 
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pable of expelling the inspired gas through the 
ventilating channel in a closed anesthetic sys- 
tem. Gas trapping with carbon dioxide (CO3) 
retention and acidosis seemed a reasonable 
possibility and was investigated in the labora- 
tory with mongrel dogs. 


Material and Method 

Ten mongrel dogs weighing from 8 to 15 kg 
(mean, 10.8 + 2.86 kg) were anesthetized with 
pentobarbital, 15.34 + 0.88 mg per kilogram of 
body weight, administered intravenously and 
paralyzed with dimethyl tubocurarine chloride, 
0.3 mg per kilogram. Cannulation of the fem- 
oral arteries allowed constant monitoring of 
arterial pressure and sampling of blood gas. In- 


- each dog, the trachea was intubated with a 6.0 


mm (inner diameter) Shiley endotracheal tube 
with the cuff inflated to provide a leak-free 
system. After 5 minutes of controlled mechani- 
cal ventilation with a tidal volume of 12.88 + 
1.40 ml per kilogram of body weight and a re- 
spiratory rate of 20 times per minute, a control 
arterial blood sample was taken. | 

The 3.5, 4.0, and 5.0 30-cm Storz broncho- 
scopes with a telescope lens of 3.95 + 0.05 mm 
(outside diameter) were utilized in this study. 
A disposable endotracheal cuff was placed 
around the bronchoscope above the uppermost 
side vent to duplicate the closed anesthetic 
system that occurs clinically (Fig 1). The antifog 
tube was not used. The suction orifice was 
occluded. The ventilating connection of the 
bronchoscope was attached to'a circle CO, ab- 
sorption anesthesia system with an Air Shields 
respirator (Fig 2). 

An airway pressure monitor and a Wright 
spirometer were incorporated into the system. 
Oxygen was supplied at a flow rate of 4 liters 
per minute. The respiratory rate was set by ad- 
justing the respirator, while the spirometer 
measured tidal volume. 
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Fig 1, e bronchoscope with antifog tube. A | 
disposable cuff (C) is placed around the bronchoscope. 
(A = anesthesia attachment; L = connection for light 
source; O = connection for oxygen flow to antifog tube; 
PLD = prismiatic light deflector; S = suction or in- 
strumentation channel; V = side vents of broncho- 
scope.) 


For each dog, one of the three sizes of bron- 
choscope was selected at random and inserted 
into the trachea after the endotracheal tube was 
removed. This maneuver required less than 45 
seconds. The bronchoscope was connected to 
the breathing system. Respiratory rate and tidal 
volume were maintained at control values. 
Arterial blood samples for gas analysis were 
taken at 5 and 10 minutes. After the last blood 
sample was taken, the bronchoscope was re- 
moved from the trachea and was replaced with 
the endotracheal tube used previously. Venti- 
lation again was maintained mechanically with 
control values of tidal volumé and rate. After 5 
minutes, another. blood sample was taken to 
provide control values for the second broncho- 
scope. The same procedure was repeated with 
the third and final bronchoscope. The arterial 
blood samples were analyzed for arterial oxy- 
gen tension (PaO), arterial carbon dioxide 
tension (PaCO,), pH, and the bicarbonate radi- 


A 


poate Bronchoscope Tube 
Anti-fog tube 
a Téléscope 





cal (HCO by the same technician using an İn- 
strumentation Laboratories Micro-13 blood gas 
analyzer. 


Results 

The charges in PaO,, PaCO,, pH, and HCO; 
from contol to 5 minutes, 5 to 10 minutes, and 
control to 10 minutes with the three sizes of 
bronchoszope were analyzed biostatistically 
using Duncan’s multiple range test. The statis- 
tical differences between the three sizes were 
also tested by the same method using PaO;,, 
PaCO,, pH, and HCO; as the variables. 


PaO, 

There were no significant differences (p < 0.01) 
in PaO, from control to 5 minutes, 5 to 10 min- 
utes, and rontrol to 10 minutes for the different 
sizes of Lronchoscopes (Table 1). At 5 and 10 
minutes there were no significant differences (p 
<0. 01) in PaO, between bronchoscope sizes 3.5 
and 4.0, 1.0 and 5.0, or 3.5 and 5.0. 


PaCO, 

There were significant increases (p < olo1) in 
PaCO, frzm control to 5 minutes and control to 
10 minutes with the size 3.5 and 4.0 broncho- ‘ 
scopes, but no significant changes were seen 
with the size 5.0 bronchoscope (Table 2). At 


+ 
yy 
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Fig 2. Storz-Hopkins pediatric bronchoscope with 
anesthesia ventilating system. Arrows indicate direction 
of gas flow. (GS = gas supply from anesthesia machine; 
SL = soda lime; ASR = Air Shields respirator; IV = in- 
spiratory valve; EV = expiratory valve; IL = inspira- 
tory limb; EL = expiratory limb; AP = airway pressure 
monitor; SP = Wright spirometer; S-H = Storz- 
Hopkins bronchoscope; TR = dog’s trachea.) 


5 and 10 minutes there were significant dif- 
ferences (p < 0.01) in PaCO, between bron- 
choscope sizes 4.0 and 5.0, and 3.5 and 5.0, but 
no significant difference was seen between the 
3.5 and 4.0 bronchoscopes at any time. 


HCO; 
There were significant increases (p < 0.01) in 
HCO, from control to 5 minutes, and control to 


10 minutes with the size 3.5 bronchoscope, 
while no significant changes were seen with 
sizes 4.0 and 5.0 (Table 3). At 5 minutes there 
was a significant difference (p < 0.01) in HCO; 
between sizes 3.5 and 5.0, while no differences 


were seen between sizes 3.5 and 4.0, and 4.0 


and 5.0. 


pH 
There were significant differences (p < 0.01) in 
pH from control to 5 minutes, and control to 10 
minutes with the. size 3.5 and 4.0 broncho- 
scopes, but with the size 5.0 a significant dif- 
ference was seen only from control to 10 min- 
utes (Table 4). At 5 and 10 minutes, there were 
significant differences (p < 0.01) in pH be- 
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Table 1. Mean (+SD) PaO, Changes in Different Sized Storz-Hopkins Bronchoscopes 
at Control, 5 Minutes, and 10 Minutes 





PaO, Values (mm Hg) 


Size C 

3.5 518.5 
(n = 10) 112.40 

4.0 513.9+ 
(n = 10) 116.51 

5.0 473.8+ 
(n = 10) 111.91 


5 min 
544.64 
90.69 


543.04 
98.64 


523.9+ 
108.48 


10 min 
535.5+ 
70.57 


533.54 
106.56 


536.04 
109.49 


Time 
Com- 
parison 
C-5 
5~10 
C—10 
C—5 
5-10 
C10 
C-5 
5—10 
C-10 


Stenif- 
icance 


ZAZALZAZAGY!” 


Significance 
Size 
Comparison C Smin 10 min 
3.5-4.0 N N N 
4.0-5.0 N N N 


3.5-5.0 N N N 


SD = standard deviation; PaO, = arterial oxygen tension; C = contrck N = not statistically significant at 0.01 level. 


Table 2. Mean (+SD) PaCo, Changes in Different Sized Storz-~-Hopkins Bronchoscopes 
at Control, 5 Minutes, and 10 Minutes ` 


PaCO, Values (mm Hg) 


Size C 

35 2920+ 
(n= 10) 12.41 

4.0 29,.75+ 
(n = 10) 8.50 

5.0 27 65+ 
(n = 10) 7.41 


5 min 


55.454 
16.93 


50.004 
11.29 


33.454 
9.31 


10 min 


67.30 + 
18.22 


58.35 + 
14.78 


37 85+ 
10.65 


Time 
Com- 
parison 


C-5 
5-10 
C--10 
C-5 
5-10 
C-10 
C-5 
5~10 
C~10 


Significance 
Size 
Comparison C Smin 10min 
3.5-4.0 N N N 
4.0-5.0 N S S 
3.5-5.0 N S$ S 


SD = standard deviation; PaCO, = arterial carbon dioxide pressure; C = control; S = statistically significant at 0.01 level;, 
N = not statistically significant at 0.01 level. 


Table 3. Mean (+SD) HCO; Changes in Different Sized Storz-Hopkins Bronchoscopes 
at Control, 5 Minutes, and 10 Minutes 





Size C 

3.5 22.73+ 
(n= 10) 6.28 

4.0 23.18+ 
(n = 10) 4.55 

5.0 21.74+ 
(n = 10) 3.89 


HCO, Values 

5 min 10 min 

28.45+ 28.562 
5.2] 5 34 

26.38 26.37+ 
4.75 3.95 

22.38 24.10+ 
4.24 4.93 


Time 
Com- 
parison 


C-5 
5-10 
C-10 
C5 
5-10 
C10 
C-5 
5-10 
C-10 


ZZZ2ZZZ°7Z0 


Signrt- 
icanc2 


Significance 
Size 
Comparison C S5min 10min 
3.5-4.0 N N N 
4.0-5.0 N N N 
3.5-5.0 N S N 


SD = standard deviation; HCO; = bicarbonate radical; C = control; S = statistically significant at 0.01 level; N = not 
statistically significant at 0.01 level. 
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Table 4. Mean (+SD) pH Changes in Different Sized Storz-Hopkins Bronchoscopes 


at Control, 5 Minutes, and 10 Minutes 


ernie A a a a ECCENTRIC RE 


pH Values Time 
Com- - 
Size C 5 min 10 min - parison 
3.5 754+ 731s 7.26¢ C-5 
(n = 10) 0.09 0.07 0.06 5-10 
C-10 
4.0 73E 7.35Ł 7 .28+ C-5 
(n = 10) 0.08 0.12 0.06 5-10 
C-10 
5.0 7 O22 7 A5+ 7 44+ C-5 
(n = 10) 0.08 0.06 0.05 5-10 
C-—10 


Significance 
Signif- Size 
icance Comparison C Smin 10min 
S 
N 3.5-4.0 N N N 
S 
S 
N 4.0-5.0 N S S 
S 
N 
N 3.5-5.0 N S$ S 
S 


SD = standard deviation; C = control; S = statistically significant at 0.C1 level; N = not statistically significant at 0.01 level. 


tween sizes 4.0 and 5.0, and 3.5 and 5.0. No 
difference was seen between me 3.5 and 4.0 
bronchoscopes. 


Comment 

The pediatric bronchoscope with the Hopkins 
lens system provides clear, bright, and wide- 
angle visualization of the upper tracheo- 
bronchial tree. The space between the lens, 
with and without the antifogging cover, and 
the inner wall of the sheath is used for exchange 
of ventilatory air. A closed ventilating system is 
achieved with this bronchoscope, and the pa- 
tient can be ventilated manually or mechani- 
cally. Inhalation anesthetics utilize the same 
channel. 

- The Storz bronchoscopes of designated sizes 
3.5, 4.0, and 5.0 actually have inner diameters 
of 5.20, 6.31, and 7.10 mm, respectively.” The 


outside diameter of the telescope lens is 3.95 +: 


0.05 mm, to which is added the thickness of the 
antifog sleeve. Thus, the 3.5 bronchoscope has 
a ventilatory space of less than 1.25 mm; the 4.0, 
less than 2.36 mm; and the 5.0 bronchoscope, 
less than 3.15 mm. This small lumen can create 
difficulty for satisfactory ventilation, as calcu- 
lated by modifying the formula of Grossman 
and colleagues [3]. 

Significant accumulation of PaCO, (respi- 
ratory, acidosis) was observed after 5 and 10 


minutes of ventilation through the 3.5 and 4.0: 


bronchoscopes, while there was no significant 
increase in PaCOp with the 5.0 bronchoscope. 


` *Karl Storz Endoscopy-America, Inc: Personal communica- 
tion, 1977. 


In this study, the rate of increase in PaCO, 
during the first 5 minutes of ventilation with 
the 3.5 and 4.0 bronchoscopes was 6.05 and 4.05 
mm Hg per minute, respectively. However, the 
overall rise in PaCO, during the 10 minutes of 
ventilation was 3.81 mm Hg per minute with the 
3.5 bronchoscope and 2.86 mm Hg per minute 
with the 4.0 bronchoscope. With the 5.0 bron- 
choscope, the mean PaCO, was satisfactory at 
33.45 + 9.31 mm Hg at 5 minutes and 37.85 + 
10.65 mm Hg at 10 minutes (see Table 2). 

The mean PaO, for all dogs but 1 was higher 
than 500 mm Hg so that oxygenation was very 
adequate. The decrease in pH seen at 5 minutes 
with the 3.5 bronchoscope and at 10 minutes 
with the 3.5 and 4.0 bronchoscopes can be ex- 
plained by CO, retention. Metabolic acidosis 


‘may account for the decrease in pH at 10 min- 


utes without an increase in PaCO, with the 
larger 5.0 bronchoscope. 

In the laboratory with paralyzed esi pas- 
sive expiratory pressure cannot expel inspired 
air through the small ventilating space in the 
3.5 and 4.0 Storz bronchoscopes. The hyper- 
capnia so produced can be tolerated by healthy 
patients [1]. However, it can produce cardiac 
arrhythmias [5], hypertension [2, 4], or hypo- 
tension [1] in seriously ill or cardiac patients, 
and an increase in intracranial pressure [6]. 

The prevention and treatment of this CO, ac- 
cumulation and respiratory acidosis might in- 
clude rapid bronchoscopy, hyperventilation 
before insertion of the bronchoscope, release of 
the instrument channel during expiration, and 
intermittent removal of the telescope lens. In 
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Table 5. PaCO, Changes with or without Abdominal Comp-ession 


during Expiration in 6 Pediatric Patients 











Time Mear. Mean 

(min) PaCG, SD Difference Probability 
WITHOUT ABDOMINAL COMPRESSION ` 

C 35.50 5.99 

21.004 0.029 

5 56.50 19.30 

WITH ABDOMINAL COMPRESSION : 
B C 40.33 5.64 
| — 5.67 0.24 
5 46.00 9.70 


aSignificant at 0.05 level. 


PaCO, = arterial carbon dioxide tension; SD = standard deviation; C = control. 


addition, manual compression of the upper 
anterior abdominal wall during expiration 
should prevent respiratory acidosis.. This was 
tried in 6 patients who were 11 months to 5 
years old and.weighed 6 to 15 kg. Five of these 
patients had suspected tracheal stenosis, and 1 
had cystic fibrosis. Bronchoscopes ‘of various 
sizes were used (3.5 mm, 20 cm in 4 patients; 
4.0 mm, 30 cm in 1; and 5.0 mm, 30 cm in 1). 
General anesthesia was administered utilizing 
100% oxygen and 1-3% halothane using the 
Jackson Rees modified T-piece anesthesia sys- 
tem. Respiration was controlled in all patients 
with or without the use of intermittent intra- 
venous injections of succinylcholine. 

The other procedures duplicated those used 
in the laboratory except that the airtight system 
was obtained without an endotracheal cuff. Six 
bronchoscopies were done without manual 
compression of the abdominal wall.and served 
as controls. A few days later, ‘the same patients 

underwent bronchoscopy again with manual 
compression of the upper abdominal wall dur- 
ing expiration. Arterial blood samples were 
analyzed for PaO, PaCOe, pH, and HCO; by 
the same technician using the Instrumentation 
Laboratories Micro-13 gas analyzer. The arterial 
blood samples were taken before insertion of 
the bronchoscope and 5 minutes later. A sig- 
nificant increase (p < 0.05) in PaCO, and de- 
crease in pH were observed after 5 minutes of 
bronchoscopic examination without manual 
compression of the abdominal wall during ex- 
_ piration ‘(Table 5). 


Arterizl oxygenation was adequate in all pa- 
tients. When manual compression of the ab- 
dominal wall was applied during expiration, 
there were no significant changes in the mea- 
sured arterial variables. 

: The results of the laboratory studies indicate 
that dogs weighing 8 to 15 kg can be well oxy- 
genated t—rough 3.5, 4.0, and 5.0 Storz broncho- 
scopes by using 100% oxygen and artificial 
ventilatio—. A statistically significant (p < 0.01) 
retention <f CO, occurs with the smaller 3.5 and 
4.0 bronchoscopes while none was observed 
with the size 5.0 under the same conditions. 
Manual ccnpression of the upper anterior ab- 
dominal wall during expiration prevented CO, 
accumulation in infants in whom the 3.5 and’ 
4.0 Storz bronchoscopes were used. 
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Prospective Randomized Evaluation 


of Intrathoracic Intercostal Nerve Block 
with Bupivacaine on Postoperative Ventilatory Function 
Luis H. Toledo-Pereyra, M.D., Ph.D., and Tom R. DeMeester, M.D. | 


ABSTRACT This prospective and randomized 
study demonstrates the beneficial effect of in- 
trathoracic intercostal block with bupivacaine on the 
recovery of pulmonary function after thoracotomy. A 
significantly (p < 0.05) better forced expiratory vol- 
ume was seen in the treated group in the early post- 
operative period. Similar findings were observed in 
forced vital capacity. Also, the requirements for an- 


' algesics were decreased in the treated group. We 


believe that intrathoracic intercostal block with 
bupivacaine when properly utilized can be a good 
adjuvant in the improvement of pulmonary function 
after thoracotomy. 


Decreased ventilation and subsequent hypoxia 
secondary to the pain of a thoracic incision is 
not an uncommon problem for thoracic sur- 
geons. Decreasing postoperative pain following 
thoracotomy by the administration of narcotics 
can improve the depth of ventilation and 
hypoxia but at the expense of producing stupor 
and suppressing the respiratory center and 
cough reflex. Several authors [1-7] have tried 
the intercostal infiltration of local anesthetic 
agents in order to reduce incisional pain and 
improve the pulmonary function after thora- 
cotomy. The results of these studies are incon- 
clusive. The present paper reports the results of 
a prospective and randomized study to assess 
the effect of intraoperative intercostal nerve 
block with bupivacaine on the pulmonary func- 
tion after thoracotomy. 


Material and Methods 


Twenty patients who underwent thoracotomy | 


(anterior, lateral, or posterolateral) without 
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Service, Division of Biological Sciences, Pritzker School of 
Medicine, University of Chicago, Chicago, IL. 

for publication Aug 15, 1978. 

Address reprint requests to Dr. Toledo-Pereyra, Depart- 
ment of Surgery, Section of Transplantation and Surgical 


Research, Henry Ford Hospital, 2799 W Grand Blvd, De- 
troit, MI 48202. 


Accept 


pulmonary resection were assessed in this 
study. All patierits were distributed randomly 
and prospectively into a control or treated 
group at the time of closure of the thoracotomy 
(Table). Ten ` ‘patients received no treatment, 
and the other 10 were administered an intra- 
operative ‘intercostal nerve block with 10 ml of 

0.5% bupivacaine without epinephrine before 
closure of the thoracotomy. The technique of 
intrathoracic intercostal nerve block was the 
injection of 2 ml of the anesthetic solution into 
the posterior subcostal neurovascular bundle 
after attempted aspiration to prevent an in- 
travascular injection. The intercostal block was 
performed at the level of the incision and two 
spaces above and below it. All intercostal nerve 
blocks were performed in a similar fashion in 
all patients. The amount of preoperative and 
postoperative medication was recorded in each 
group. Postoperative analgesic was given in the 


‘same dosage as circumStances required for each 


group. 

One day before operation and on postopera- 
tive days 1, 2, 3, 4, 7, and 10, pulmonary ven- 
tilatory tests consisting of forced vital capacity 
(FVC) and forced expiratory volume (FEV,) 
were obtained. The postoperative values were 
reported as percent of preoperative function. 

Complete statistical analysis of all factors was 
obtained by Student's ¢ test. 


Results 
There was no significant difference in age or sex 


-in both groups of patients. The primary disease 


and type of thoracotomy were not notably dif- 
ferent either. Figure 1 shows the difference in 


FEV, in both groups of patients. There was a , 
significant decrease in FEV, (p < 0.05) between - 


the control group and the treated group | for... 


postoperative days 1 to 7. At day 10 there? was!" fey a 


not a significant difference (p < 0., fi The = ae 


changes in FVC are shown in Figure : b. There 
was significantly (p < 0.01) better FV volume; 
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. Differences in Age, Sex, Weight, and Type 
of Operation Between the Control and 
Treated Groups 





Factor Control Treated 
Age (yr) 22-69 18-67 
Sex F.5;M,5 F4 M,6 
Weight (kg) 45-73 39—81 
Operation 
Hiatus hernia repair 3 4 
Open lung biopsy 2 2 
Exploratory thoracotomy 4 3 
Esophagomyotomy 1 1 
Total 10 10 





in the treated group from day 1 to day 4. Days 7 
and 10 showed no significant difference (p > 
0.08). 

The treated group was subjectively more 
comfortable in terms of pain response on days 1 
and 2 after operation. Postoperative narcotic 
medication was significantly (p < 0.05) de- 
creased during these days in the treated group. 
From day 3 on, both groups were similar in 
response to pain and use of narcotic medication 
(p > 0.5). No significant differences in anes- 
thetic requirements during operation were 
noted. There were no differences in the compli- 
cation rate between the two groups nor were 
side effects or other abnormalities related to the 
local anesthetic agent noted in either group. 


Comment 

This prospective randomized study indicates 
that intrathoracic intercostal block with bupiv- 
acaine after thoracotomy significantly improved 
the ventilatory function in the first week after 
the procedure. The requirements of analgesics 
were also diminished in the treated group, par- 
ticularly in the first 2 postoperative days. 

The results of this study confirm those ob- 
tained by Kaplan [5], Bridenbaugh [2], and 
their associates with regard to the effect of 
local anesthetics in improving pulmonary 
function but disagree with those of Galway [3], 
Holley [4], and their co-workers, as well as 
others: We believe that in order to obtain a ben- 
eficial effect from the local anesthetic bu- 
pivacaine, the agent should be properly in- 
jected into the subcostal nerves before closing 
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Fig 1. Feeced expiratory volume (FEV) values for 10 
days aft= operation plotted as the percentage of pre- 
operativ= function (mean + standard deviation). There 
was a sis-tificant difference (p < 0.05) between the 
control aed treated groups for the first 7 postoperative 
days; thereafter the values are similar. 


FVC as % of 
Preoperative Values 





10 


0 2 4 7 
Postoperative Days 


Fig 2. Forcez vital capacity (FVC) values for ten days . 
after operat.on plotted as the percentage of preoperative 
function (mean + standard deviation). There was a sig- 
nificant difference (p < 0.01) between the control and 
treated grouzs for the first 4 postoperative days; there- 
after the palaes were similar. 


the thoracctomy. Although several studies in- 
dicate that the length of action of these an- 
esthetic drags varies considerably [8], in gen- 


eral, the eftect in our patients was maintained 


for 12 hours, as far as anesthetic action is con- 
cerned. Use of this drug in an intercostal block 
partially el:minates the thoracic pain, and, 
therefore, the patient can breathe more satis- ' 
factorily after operation. 

Pain related to differences in incision size, 
amount of cissection, and variations in anes- 
thetic should. be negligible since patients were 
randomized <o a control or treated group. All 
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these factors, which were standard in our pa- 
tients, were well controlled. 

Others [9] have used intraoperative intercos- 
tal nerve freezing to prevent postthoracotomy 
pain. Their results showed improvement in 
coughing and reduction in the need for narcot- 
ics postoperatively. There was no indication of 
the ventilatory functional response. Our data 
showed similar results when the intrathoracic 
intercostal block with bupivacaine was utilized. 

We conclude that bupivacaine when it is 
properly ‘utilized is of help in relief of post- 
thoracotomy pain and improves pulmonary 
function after operation. Intrathoracic inter- 
costal block with this agent was demonstrated 
to be beneficial for pulmonary function recov- 
ery in a prospective and randomized study of 20 
postthoracotomy patients. Subjective data also 
indicated that the requirements of analgesics 
were diminished in the initial postoperative 
period in the treated group. 
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Pulmonary Reperfusion Syndrome 


Dennis L. Modry, M.D., and Ray Chu-Jeng Chiu, M.D. 


ABSTRACT “Reperfusion syndrome” of the lung 
may plav a role in the pulmonary edema and hemor- 
thage that occur following pulmonary embolectomy, 
cardiopulmonary bypass, and shock. Bioenergetic, 
metabolic, and ultrastructural studies ‘of canine 
lungs indicate that ventilated lung tissue could tol- 
erate 5 hours of pulmonary arterial occlusion with 
minimal damage. However, a 24-hour interruption 
of pulmonary arterial blood flow produced a signifi- 
cant decrease in the ratio of adenosine triphosphate 
to adenosine diphosphate, and glycogen, and an in- 
crease in tissue lactate. Reperfusion of these lungs 
resulted in even more pronounced biochemical and 
ultrastructural deterioration, as well as gross pulmo- 
nary edema and hemorrhage. The lesion appears to 
be similar to the reperfusion damage that occurs in 
other organs, such as the kidney, and the skeletal 
and cardiac muscles. 


We have encountered massive left pulmonary 
_ edema following the extraction of an old left 
pulmonary embolus in a middle-aged woman 
(unpublished data, 1968). Similar observations 
of severe intrapulmonary edema, hemorrhage, 
and infarction following pulmonary embolec- 
tomy have been reported by others [6, 12]. The 
pathogenesis of this complication may be 
similar to the reperfusion damage in other or- 
gans that occurs when ischemic capillaries lose 
their integrity. This “leaky” alveolar—capillary 
membrane may then be susceptible to further 
injury from reperfusion. 

Although the pathogeneses of pulmonary 
edema that accompanies lung transplantation 
[17], cardiopulmonary bypass [11, 15] and shock 
[2, 3] are complex, reperfusion injury to the 
alveolar-capillary membrane may also be in- 
volved sjnce in each instance there is a period 
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of inad2quate blood perfusion. Our previous 
study irdicates that the canine lung can main- 
tain its morphology and bioenergetic levels for 
at least E£ hours with either ventilation or perfu- 
sion alone, but not when both are interrupted 
[14]. The purpose of the present study was to 
determir.e whether with normal ventilation and 
bronchial circulation, a longer interruption of 
pulmonary arterial perfusion alone may cause 
metaboliz and ultrastructural changes that 
could predispose to the subsequent reperfusion 
damage to the lung. 


Materials and Methods 

Two groups of mongrel dogs were studied. In 
Group 1 (7 dogs), the left pulmonary artery 
(LPA) was occluded for 5 hours and then re- 
leased for 1 hour. In Group 2 (5 dogs), the LPA 
was occluded for 48 hours and then released for 
1 hour. 

Each dog was anesthetized with sodium 
pentobarb_tal (10 mg per kilogram of body 
weight), intubated with a cuffed endotracheal 
tube, and ventilated with an OHIO volume- 
controlled respirator using room air at flow 
rates of 5 ters per minute and tidal volumes 
adjusted tc 12 to 15 ml per kilogram. Fluo- 
thane (halcthane) (0.5-1.0%) inhalation main- 
tained general anesthesia. A left thoracotomy 
was performed, a short segment of LPA was 
cleared, anc a vascular clamp was applied after 
the dog had been heparinized (5,000 units intra- 
venously). Each dog was then positioned prone 
since previcus measurements of cardiac output 
in supine cogs were found to be 5 to 10% 
lower. Thrcughout the experiments, normal 
saline solution was infused intravenously, and 
systemic art2=rial pressures were continuously 
recorded in all dogs from the cannulated right 
femoral artery. In Group 1, the LPA clamp was 
removed 5 Fours later and perfusion was re- 
stored for 1 hour. In Group 2, the chest was 
closed in layers with the LPA still occluded. 
Forty-eight hours later the dog was anes- 
thetized again, the chest was opened, and the 


~ 
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LPA clamp was removed. Reperfusion of the 
left lung lasted for 1 hour. 


Biochemical Studies 

Specimens of lung were taken from the right 
and left lower lobes before vascular occlusion (0 
hour), at 5 hours in Group 1 and at 48 hours in 
Group 2, and then 1 hour after the restoration of 
perfusion. The following biochemical analyses 
were performed on the lung tissue: adenosine 
triphosphate (ATP), adenosine diphosphate 
(ADP), glycogen, deoxyribonucleic acid (DNA), 
and lactate. Excised lung tissue was immedi- 
ately weighed and precipitated in ice-cold 0.6 N 
perchloric acid. ATP and ADP levels were de- 
termined according to a modification of the 
fluorometric method of Forte and co-workers 
[8]. The level of lactate was assessed using the 
Boehringer-Mannheim test kit. For glycogen, a 
portion of lung was immediately frozen and 
weighed and then assessed by a modification of 
the technique of Somogyi [16]. 


Histological and Ultrastructural Studies 
Representative specimens were taken from 
both lungs of all dogs in Group 1 at 0, 5, and 6 


Fig 1. Biochemical changes in the right (R) and left (L) 
lung tissues in Group 1, after occlusion of the left pul- 
monary artery for 5 hours and after release for 1 hour. 
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hours and in Group 2 at 0, 48, and 49 hours. The 
tissue was fixed in 10% formalin before sec- 
tioning and stained with hematoxylin and 
eosin. Similar specimens were immediately 
fixed in a solution of 2.5% glutaraldehyde in 0.2 
M Sorensen’s buffer for 2 to 4 hours and later 
were processed for ultrastructural studies. 
One-half u sections stained in 1% toluidine 
blue were examined with the light microscope 
in order to select representative areas for further 
magnification. Appropriate sections 300 to 500 
angstroms thick were stained with uranyl ace- 
tate in 50% alcohol and viewed and photo- 
graphed with an RCA EMU-4 electron micro- 
scope. 


Results 

Biochemical Findings 

In Group 1, 5 hours of vascular occlusion did 
not significantly alter the biochemical variables 
in the left lung except for tissue glycogen, 
which diminished to 72% (p < 0.001) of the 
initial level and was significantly less than that 
in the right lung (Fig 1). Normal glycogen 
levels, however, were restored within 1 hour of 
resumption of perfusion. In the right lung, 
ATP, ADP, and lactate were unaltered, but 
glycogen at 5 and 6 hours increased to 160% (p 
< 0.01) and 164% (p < 0.05), respectively, of 
the original values. 









Lactate 
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Table 1. DNA Content of the Right and Left Lungs at 0 Hour, after 48 Hours of Occlusion 
of the LPA, and 1 Hour after Restoration of Perfusion (49 Houra)? 


Right Lung 
(mgigm wet wt. lung) 
Experiment 0 hr 48 hr 49 hr 
1 3.790 3.605 3.910 
2 3.500 4.129 3.448 
3 3.413 4.037 3.738 
4 3.006 2.817 3.338 
5 3.409 4.038 3.415 
Mean 3.424 3.725 3.570 
SD 0.280 0.547 0.243 
SE 0.125 0.244 0.109 


Left Lung 
(mg/gm wet wt. lung) 
0 hr 48 hr -49 hr 
2.965 3.241 3.885 
3:135 3.461 2.847 
3.492 3.624 3.575 
3.301 2.380 2.991 
4.056 3.118 2.876 
3.390 3.136 3.235 
0.420 0.539 0.468 
0.188 0.241 0.209 


aPaired t test comparing the nonischemic (right) and experimental (left) lunzs indicated the following: at 0 hr, t value was 
0.1008 and p value, > 0.9 (not significant); at 48 hr, t value was 5.5158 and p velue, < 0.001 (significant); at 49 hr, t value was 


2.6315 and p value, < 0.05 (significant). 


DNA = deoxyribonucleic acid; LPA = left pulmonary artery; wt. = weight: SD = standard deviation; SE = standard error 


of the mean. 


Table 2.. Ratios of ATP to ADP in the Right and Left Lungs at G Hour, after 48 Hours of Occlusion 
of the LPA, and 1 Hour after Restoration of Perfusion (49 Hours)? 


Right Lung 
Experiment 0 hr 48 hr 49 hr 
1 2.026 2.183 2.040 
2 3.464 1.228 1.516 
3 2.680 4,144 2,169 
4 2.551 1.910 2.931 
5 2.790 2.127 2,534 
Mean 2.702 2.318 2.238 
SD 0.517 1.089 0.532 
SE 0.231 0.487 0.238 


Left Lung 
0 hr 48 hr 49 hr 
2.662 2.050 1.964 
3:352 1.353 0.847 
2.600 2.265 1.983 
2.543 1.092 0.879 
2.790 2.199 1.880 
2.789 1.792 1.397 . 
0.328 0.533 0.618 
0.146 0.238 0.309 


aPaired t test comparing the nonischemic (right) and experimental (left) lunze indicated the following: at 0 hr, t value was 
0.5121 and p value, > 0.6 (not significant); at 48 hr, t value was 1.2858 and p value, > 0.10 (not significant); and at 49 hr, t 


value was 2.3846 and p value, < 0.05 (significant). 


ATP = adenosine triphosphate ; ADP = adenosine diphosphate; LPA = left p-Imonary artery; SD = standard deviation; SE 


= standard error of the mean. 


In Group 2, 48 hours of perfusion interrup- 
tion to the left lung severely diminished ATP, 
the ratio of ATP to ADP, and glycogen to 67% 


(p < 0.01), 64% (p < 0.001) and 71% (p < 0.05), 


respectively, of the initial levels (Tables 1-3, Fig 
2). Lactate on the other hand, increased in the 
tissue to 243% (p < 0.05) of normal. One hour 
following the unclamping of the LPA, ATP and 
ATP to ADP ratio decreased further to 55% (p < 


0.001) and 50% (p < 0.001), respectively, of 
normal values; glycogen increased slightly but. 
lactate incrzased again to 292% (p < 0.01) of 


initial measurements. Decreased DNA contents 


per wet weight of left lung tissue at 48 and 49 
hours reflected the tissue edema and Hemor- 
rhage. The aght lung, which had been “hyper-. 
perfused” fir 48 hours, showed no significant 
biochemica. change except for lactate, which 
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decreased to 57% (p < 0.001) of normal, but 
returned to initial values within 1 hour of un- 
clamping the LPA. 


Morphological Findings 

In Group 1, sections of left lung revealed diffuse 
patchy atelectasis, prominent periarteriolar 
edema, and septal swelling. Changes in the 
right lung were unremarkable. Electron micro- 
scopic examination of the left lungs at 6 hours 
demonstrated the following: Most alveolar type 
II cells had moderate mitochondrial swelling 
and dilatation of the endoplasmic reticulum 
and perinuclear cistern, while some showed a 
lack of osmiophilic inclusions (lamellar bodies) 
with an accumulation of neutral lipid inclusions 
(Fig 3). Type I cells were normal. Endothelial 
swelling with micropinocytotic activity and 
vacuole formation, interstitial edema, and os- 
miophilic plasma protein in the alveoli were 
also noted. 

In Group 2 after 48 hours of LPA occlusion, 
the left lung appeared pale with patches of ap- 
parent infarction. Grossly hemorrhagic regions 
were present 1 hour after perfusion had been 
restored. Histologically, the pattern of injury 
ranged from mild atelectasis with septal dam- 
age, intraalveolar fluid, and bleb formation in 
the grossly normal areas (Fig 4A) to marked 
atelectasis and consolidation with periarteriolar 
edema, septal disruption, and cytoplasmic ex- 
travasation in the grossly hemorrhagic areas 
(Fig 5A). The lung became diffusely edematous 
and hemorrhagic after the restoration of blood 
flow for 1 hour (Figs 4B, 5B). 

Ultrastructural changes paralleled gross and 
histological appearances. At 48 hours, electron 
microscopy of sections from the grossly more 
normal areas revealed bizarre-shaped mito- 
chondria in all cell types; dilatation of the en- 
doplasmic reticulum; a loss of lamellar bodies 
in alveolar type II cells, themselves partially 
separated from the swollen basement mem- 
branes; severe endothelial swelling with loss of 
cell membrane integrity in places; patchy swell- 
ing of.type I epithelial cells; and in some sec- 
tions ah osmiophilic transudate and endothelial 
dissolution. Grossly abnormal areas demon- 
strated even more exaggerated ultrastructural 
damage, disintegrating mitochondria, cyto- 


plasmic vacuolation and dilatation of the en- 
doplasmic reticulum and perinuclear cistern, 
sloughed endothelium, and a loss of alveolar 
type II cell membrane continuity. Following 1 
hour of restored perfusion, electron micro- 
scopic assessment of those areas that were 
grossly normal but also ischemic revealed more 
extensive interstitial edema and proteinaceous 
transudate into alveolar spaces. Endothelial 
sloughing then involved approximately 50% of 
the capillaries viewed. Interestingly, occasional 
alveolar type II cells appeared to have recovered 
some of their depleted content of lamellar 
bodies. The hemorrhagic areas had a barely 
recognizable ultrastructure. Most cell mem- 
branes were disrupted, pyknotic nuclei were 
visible, and the alveolar spaces were filled with 
a proteinaceous exudate, cellular extrusions, 
and debris (Fig 6). 


Comment 

The results of this study indicate that the lung 
can tolerate at least a 5-hour lack of pulmonary 
artery perfusion without significant biochemi- 
cal changes or morphological damage. Our ear- 
lier study indicates that continued ventilation 
compensates for the lack of perfusion for 5 
hours by providing oxygen for aerobic metabo- 
lism [14]. However, the results reported here 
indicate that with longer periods of perfusion 
interruption, the lung is not protected ade- 
quately by ventilation. 

Amthor [1] studied the alterations in rats fol- 
lowing variable periods of pulmonary artery oc- 
clusion. The postischemic insufficiency of the 
terminal vascular system appears to cause an 
increase in permeability depending on the du- 
ration of ischemia, and in dogs and monkeys 2 
to 3 hours must elapse before an alveolar exu- 
date can be seen. The resultant atelectatic phase 
is then explained on the basis of surfactant dis- 
ruption by the exudate. A moderate-to-small 
amount of plasma protein exudate, however, 
has been shown to produce a surface tension 
lowering effect, with surfactant disorganization 
occurring only when the exudate was extensive 
[9]. 

The results in Group 2 indicate that con- 
tinued patency of bronchial arteries is not suffi- 
cient in preventing tissue damage. We found a 


210 The Annals of Thoracic Surgery Vol 27 No 3 March 1979 


Table 3. Biochemistry of the Right and Left Lungs at 0 Hours, after 48 Hours of Occlusion 
of the LPA, and 1 Hour after Restoration of Perfusion (49 Hours) 





_ ADP? _ 





Right Lung Left Lung Right Lung Left Lung 
Experi- = l D ne 
ment Ohr 48hr 49hr Ohr 48hr 4hr Ohr 48hr 49hr Ohr 4hr 4hr 
1 406 469 442 610 450 396 X0 215 217 229 220 202 
2 657 266 447 564 266 281 199 217 295 168 196 ` 332 
3 653 599 474 518 425 386 244 145 218 199 188 195 
4 665 586 611 536 290 167 261 307 208 211 266 190 
5 733 324 653 616 468 455 26% 152 258 21 23 242 
Mean 623 449 525 569 380 337 232 207 239 206 215 232 
SD 105 150 99 42 94 114 3 65 36 22 32 59 
SE 56 67 44 17 41 50 14 28 14. 10 14 26 





au mole/mg DNA X 10°. 
"mg/mg DNA x 10. 
‘mg/mg DNA x 10. 


LPA = left pulmonary artery; ATP = adenosine triphosphate; ADP = adenosine diphosphate; DNA = deoxyribonucleic 
acid; SD = standard deviation; SE = standard error of the mean. 


characteristic sloughing of the type I cells and 
endothelial damage and severe destruction of 
intracellular organelles in all cell types. The type 
I cell lesion supports the finding of Boatman 
and Frank [4] and Connel and associates [5] that 
this cell is the most vulnerable to injury. Asso- 


Fig 2. Biochemical changes in the right (R) and left (L) 
lung tissues in Group 2 after occlusion of the left pul- 
monary artery for 48 hours and after release for 1 hour. 
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ciated with the structural changes was a pro- 
found d2pression in the biochemical factors 
studied. One hour after the restoration of per- 
fusion, the bioenergetic status and morphology 
of the lung deteriorated further. This study 
does not indicate whether such alterations are 
reversible; even where the cells were destroyed, 
basement membranes appeared intact and 
some relatively less damaged alveolar type II 
cells could be found in the grossly more normal 
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Fig 3. Electron micrograph from a left lung in Group 1 
after 5 hours of ischemia and 1 hour of reperfusion. This 
type II cell demonstrates minor changes. (Original mag- 
nification X30,900.) 
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Fig 4. (A) Representative histological section from a 
grossly normal area of a left lung from Group 2 after 48 
hours of occlusion of the left pulmonary artery. (B) 
Similar area following 1 hour of reperfusion. (H&E; 
original magnification X250.) 
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Fig 5. (A) Representative histological section from a 
grossly hemorrhagic area of a left lung from Group 2 
after 48 hours of occlusion of the left pulmonary artery. 
(B) Similar area following 1 hour of reperfusion. 

(H&E; original magnification X250.) 
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Fig 6. Electron micrograph from a left lung from Group 
2 after 48 hours of occlusion of the left pulmonary ar- 
tery by 1 hour of reperfusion. Note the extensive cellu- 
lar damage. (Original magnification 21,000.) 


regions. Type II cells are believed to be respon- 
sible for alveolar epithelial repair, provided that 
the basement membrane remains intact to act as 
the scaffold [7, 18]. Accordingly, a longer recov- 
ery period is required to determine how much 
of the alveolar lesion is recoverable. This is an 
important consideration in view of the results 
of the recent ECMO (Extra-Corporeal Mem- 
brane Oxygenator) project sponsored by the 
- National Institutes of Health, which indicated 
that although the patient can often be kept alive 
with modern life-support systems, the lung le- 
sions may fail to recover [10]. In subsequent 
experiments we studied the effects of a 24-hour 
recovery period in similarly damaged lungs and 
found that all of the variables had worsened 
[13]. However, even 24 hours may be too short a 
time to conclude whether the restoration of 
normal lung function and morphology is or is 
not possible. 

The pathogenesis of hemorrhagic lung in- 
farction and edema following a period of pul- 


monary oligemia appears to resemble the re- 
perfusion syndrome that occurs in the cardiac 
and skeletal muscles and the kidneys, and is 
due to the perfusion of capillaries and tissues 
already profoundly damaged by preceding 
hypoxia and ischemia. That such lesions do 
occur shculd be an important consideration in 
prolonged cardiopulmonary bypass assist, 
delayed pulmonary embolectomy, lung trans- 
plantation, and shock following the correc- 
tion of the low-flow states. That a measure of 
protection can be afforded by ventilation for at 
least 5 hours [14] argues in favor of continued 
ventilation during such insults. 


Addendum 

Several additional cases of pulmonary reperfusion 
injury were reported recently by Christian Cabrol 
and associates and by John W. Hammon, Jr. (J Thorac 
Cardiovasc Surg 76:620, 627, 1978). 
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Pulmonary Artery Banding: 


Long-Term Results in 63 Patients 


Susan Mahle, M.D., Demetre M. Nicoloff, M.D., 
Laura Knight, M.D., and James H. Moller, M.D. 


ABSTRACT  Sixty-three patients who underwent 
banding of the pulmonary artery between 1968 and 
1975 were studied. Mortality among patients who 
underwent the banding procedure was 22%, and 
among those with ventricular septal defect it was 
7%. 

Thirty-eight of the 49 survivors of the banding 
procedure were investigated for abnormalities of the 
pulmonary outflow tract caused by the band. 
Seventy-one percent of these 38 patients had an 
identifiable abnormality of the pulmonary valve or 
artery. These complications occurred more fre- 
quently in patients banded at a very young age (less 
than 2 months old) and in patients in whom the band 
was in place more than two years. 

Corrective operations have been performed in 24 
of the 49 patients who survived banding. Seventy- 
six percent of the patients with ventricular septal de- 
fect survived corrective operation, while only 29% of 
the patients with more complex lesions survived. 


Banding of the pulmonary artery was intro- 
duced in 1952 as a palliative procedure for in- 
fants with congenital cardiac malformations 
characterized by increased pulmonary blood 
flow [17]. It proved effective in relieving severe 
congestive cardiac failure in patients with ven- 
tricular septal defect and also in patients with 
more complicated defects [3, 8, 30]. 

Until recently, corrective operations in in- 
fants with cardiac malformations and conges- 
tive cardiac failure were associated with a high 
operative mortality. With improvements in 
operative technique and use of profound 
hypothermia and circulatory arrest, however, 
they can be performed effectively and at a low 
risk in infants. Pulmonary artery banding re- 
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mains an alternative for managing infants with 
congenital cardiac disease associated with se- 
vere congestive cardiac failure. The relative 
risks of these two procedures must be weighed. 
In this report, we describe a group of infants 
banded at the University of Minnesota Hospi- 
tals between 1968 and 1975, in order to evaluate 
fully the mortality and morbidity of the proce- 
dure in patients followed over a period of time. 


Materials and Methods 

Sixty-three infants and children were studied. 
Thirty-seven (59%) were boys and 26 (41%) 
were girls. At banding the patients ranged from 
4 days to 44 months old (mean, 4.5 months), 
with 36 being less than 3 months old. They 
weighed from 2.2 to 12.2 kg. 

Banding was performed through a small left 
anterior thoracotomy. The banding material 
used was Silastic, Teflon, or knitted Dacron 
and measured 0.5 to 1.0 cm in width. The band 
was tightened until either systemic arterial 
pressure rose 10 to 20 mm Hg or slight 
bradycardia was produced. Intraoperative pul- 
monary artery pressures were not measured 
routinely. 

The band was placed around the main pul- 
monary artery in 60 patients. In the other 3 pa- 
tients, persistent truncus arteriosus was present. 
In the 1 with truncus type II and right pulmo- 
nary artery stenosis, the band was placed 
around the left pulmonary artery. In 1 with 
truncus arteriosus and atresia of the left pulmo- 
nary artery, the band was placed around the 
right pulmonary artery. In the patient with 
truncus type III, a band was placed around each 
pulmonary artery. 

At the time of banding, an additional proce- 
dure was performed in 16 patients: ligation of 
the patent ductus arteriosus (8); resection of the 
coarctation (5); and Blalock-Hanlon operation 


(3). 


~~ 
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Table 1. Patient Mortality and the Distribution of Cardiac Malformations 


Pulmonary Artery Banding 





Corrective Operation 





Medical 
Percent- Deaths Percent- Current Overall 
No. of No. of age of before No. of No. of age of Survivors Patient 
Cardiac Pa- Survi- Survi- Correc- Opera- Survi- Survi- ——— Mortality 
Malformation tients vors vors tion tions vors Vors No. Percent Percentage 
VSD 27 25 93 3 17 13 76 18 67 33 
Isolated 7 7 100 0 4 3 75 6 86 14 
Associated 20 18 90 3 13 10 77 12 60 40 
with other? 
Complex mal- 36 24 67 5 2 29 14 39 61 
formations 
TGV and VSD 5 5 100 1 1 0 0 3 60 40 
TGV and VSD 4 4 100 1 1 0 0 2 50 50 
associated 
with other? 
AV canal 6 5 83 0 3 1 33 3 50 50 
Truncus 4 2 50 1 0 0 0 1 25 75 
Double- 3 2 67 0 2 1 50 1 33 67 
outlet RV 
Miscellaneous?” 14 6 43 2 0 0 0 4 29 71 
Total 63 49 78 8 24 15 63 32 51 49 


"Includes one or more of patent ductus arteriosus, atrial septal defect, and coarctation of the aorta. 
*Includes single ventricle with associated TGV or other lesions (6 patients); mitral atresia with single ventricle, VSD, or TGV (5); tricuspid 
atresia with single ventricle or VSD (2); and Ebstein’s anomaly with TGV and VSD (1). 


VSD = ventricular septal defect; TGV = transposition of the great vessels; AV = atrioventricular canal; RV = right ventricle. 


Results 

Operative Mortality 

Fourteen of the 63 patients (22%) died either 
during or within 1 month following the band- 
ing procedure (Table 1). There was no correla- 
tion between age, sex, or weight and survival. 
Operative mortality varied according to the 
cardiac anomaly. 

Among 27 patients with ventricular septal 
defect, 25 survived the banding procedure. One 
patient died twenty-four hours after the pro- 
cedure, following respiratory arrest and per- 
sistent congestive cardiac failure. The other 
patient died of congestive cardiac failure, 
pneumonia, and atrioventricular dissociation. 

All of the 9 patients with transposition of the 
great vessels associated with ventricular septal 
defect survived banding, as did 5 of the 6 in- 
fants with atrioventricular canal. In contrast, 
patients with more complex cardiac anomalies 
showed a higher operative mortality. 

The operative mortality (25%) for patients 
banded when they were less than 3 months old 
(Table 2) was not significantly different from 
the operative mortality of patients banded 
when they were older (21%). Even among the 


patients with complex cardiac lesions, the age 
at banding was not a significant factor in oper- 
ative mortality. 


Pulmonary Artery Banding 

Requiring Reoperation 

Three patients continued in severe congestive 
cardiac failure after banding. Cardiac catheteri- 
zation in each showed little pressure difference 
across the band. Within ten days, the band was 
tightened or replaced. Subsequently, each pa- 
tient showed improvement. 


Effectiveness of Pulmonary Artery Banding 
(Catheterization Data) 

Effectiveness of the band was evaluated by car- 
diac catheterization in 19 patients with ven- 
tricular septal defect. The preoperative and 
postoperative total pulmonary vascular resis- 
tance could be calculated in 11 of the 19 pa- 
tients. Following banding, total pulmonary 
vascular resistance remained the same or fell in 
10 patients. In the other patient, the band 
occluded the right pulmonary artery, and, at 
cardiac catheterization, no pressure gradient 
was measured across the band and resistance 
had increased from 5 to 15 units. 
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Table 2. Age at Band Placement and Patient Mortality 
eee 


Underlying Cardiac Malformation 





Age at VSD 
Placement of No. of Associated 
Band (mo) Patients VSD? with Other» 
0-2.9 36 3/3 10/11 
3-5.9 13 1/1 5/5 
6-8.9 7 2/2 0/1 
9-11.9 3 0/0 2/2 
12 4 1/1 1/1 

Total 63 717 18/20 


TGV All Patients Mortality 
with Other Surviving for Pro- 
VSD* Malformations? Procedureè cedure (%) 
4/4 10/18 27/36 25 

0/0 5/7 11/13 15 

0/0 3/4 5/7 29 

0/0 1/1 3/3 0 

1/1 0/1 3/4 25 

5/5 19/31 49/63 22 





“n/n = number of survivors/number of patients undergoing banding procedure. 
"Other includes one or more of patent ductus arteriosus, atrial septal defect, and coarctation of the aorta. 


VSD = ventricular septal defect; TGV = transposition of the great vessels. 


Among the 19 patients, the peak systolic 
pressure gradient across the band ranged from 
0 to 100 mm Hg (mean, 45 mm Hg). In 16, the 
gradient was greater than 15 mm Hg, and in 3 
there was no gradient. One of these 3 was the 
patient who showed the large rise in pulmonary 
vascular resistance. Pulmonary artery pressure 
distal to the band was elevated in 12 of the 19 
patients. In 4 of these 12, total pulmonary vas- 
cular resistance was elevated, and in the other 8 
it was normal. 


Effects of Pulmonary Artery Banding 

on the Pulmonary Outflow Area 

In 38 of the 49 surviving patients (78%), the 
pulmonary outflow area was evaluated post- 
operatively by angiography or postmortem ex- 
amination, or by observations at the time of a 
corrective operation. The pulmonary outflow 
area was evaluated from 1 to 82 months (mean, 
26 months) following banding. 

A complication involving the right ventricu- 
lar outflow area occurred more frequently in 
patients banded when they were less than 4 
months old (Fig 1) and in patients with longer 
duration of the band (Fig 2). 

Abnormalities of the pulmonary outflow area 
were present in 27 of the 38 patients (71%). We 
observed some specific complications. 

PULMONARY VALVE CHANGES. In 9 patients 
(24%), thickening of one or more of the pulmo- 
nary valve leaflets was present (Figs 3, 4). The 
average duration of the band for these patients 
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Fig 1. Age of banding and incidence of complications 
involving the pulmonary outflow tract. 
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Fig 2. Duration of band and incidence of complications 
invelviag the pulmonary outflow tract. 


was 36 months. In 8, the distance between the 
pulmonary valve and the band was less than 15 
mm (mean, 6 mm). Silastic banding material 
was used in 5 patients and Teflon in the other 4. 

PULMONARY TRUNK CHANGES. The main pul- 
monary artery was stenotic at the band site in 
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A B 
Fig 3. Anteroposterior right ventriculogram. The pul- 
monary valve leaflets are thickened, and the band site is 

just distal to the valve, preventing it from opening com- 
pletely. (A) Systole; (B) diastole. 





A è 
Fig 4.,Lateral right ventriculogram. (A) After band 
placement, there is narrowing of the band site just distal 
to the valve, causing pulmonary valve thickening. (B) 
After band removal, there is persistent narrowing at the 
band site. 
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A 


Fig 5. Anteroposterior thoracic roentgenograms. This 
patient had transposition of the great vessels and a 
ventricular septal defect, and underwent pulmonary 
artery banding. (A) There is an enlarging left mediasti- 
nal mass, a pseudoaneurysm of the main pulmonary 
artery; (B) roentgenogram made three weeks later. 


14 patients (37%). Thirteen of these patients 
underwent a corrective operation, and the ste- 
nosis required plastic repair in 9. 

A striking complication was rupture of a 
pseudoaneurysm occurring at the band site. 
The pseudoaneurysm, manifested as a hilar 
mass on a series of thoracic roentgenograms, 
developed over a period of ten days (Fig 5). 

CHANGES IN THE BRANCH PULMONARY ARTER- 
IES. Narrowing of one or both pulmonary ar- 
teries was identified in 14 patients (37%), the 
right pulmonary artery being narrowed in 11 
(Fig 6). The change ranged from mild narrow- 
ing to occlusion, which occurred in 3 patients 
(Fig 7). 

Ten of the 14 patients underwent corrective 
operation. Repair of the origin of the branch 
pulmonary artery was unnecessary in 7 pa- 
tients. In the other 3, plastic repair of the pul- 
monary trunk and branch pulmonary artery 
was performed at the time of operation to cor- 
rect the stenosis caused by the band. One pa- 
tient died during the operation because the 
right pulmonary artery was friable and did not 
hold sutures well. The other 2 patients survived 
corrective repair but have not been studied 
subsequently. 








Fig 6. Anteroposterior right ventriculogram. There is 
simultaneous opacification of the pulmonary artery and 
aorta, ena narrowing of the proximal right pulmonary 
artery after placement of the band. 


Band Material and Angioplastic Repair 

We studied the relationship between the loca- 
tion of the band and the type of band material. 
Knitted Dacron was used in 1 patient, Silastic 
was used in 27, and Teflon was used in 10. No 
correlation was found between the band mate- 
rial and the need for angioplastic repair. At the 
time of postbanding cardiac catheterization, 
however, 13 of 27 (48%) of the Silastic bands 
were found at the bifurcation of the pulmonary 
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Fig. 7 Pulmonary arteriogram. (A) Anteroposterior 
view showing complete occlusion of flow to the right 
lung. (B) Lateral view demonstrating stenosis from the 
band located at the level of the bifurcation, and 
obstruction of flow to the right pulmonary artery. 


trunk, while only 1 of 10 Teflon bands was pres- 
ent at the bifurcation. This occurred despite 
the fact that the banding procedures were the 
same. 


Interim Deaths 

Eight patients died 1 to 15 months following 
banding and before corrective operation. The 
causes of death were rupture of the pulmonary 
trunk (1 patient), metastatic rhabdomyosar- 
coma (1), respiratory complications (3), sepsis 
(1), sudden shock and acidosis (1), and un- 
known causes (1). 


Corrective Operation 
Twenty-four patients underwent operations to 
correct the cardiac conditions and remove the 
band. To date, 9 have died (see Table 1). 
Seventeen patients with ventricular septal 
defect were operated on, and 13 survived 
(76%).,Three deaths occurred in patients with 
muscular ventricular septal defect, and 1 in a 
patient with pulmonary vascular disease. 
Among the 7 other patients undergoing cor- 
rective operations, the malformations were 





complete transposition of the great vessels and 
ventricular septal defect (2 patients), complete 
atrioventricular canal (3), and double-outlet 
right ventricle (2). In this group with more 
complicated conditions, the survival rate was 
only 29%. 


Comment 
Pulmonary artery banding is an effective pal- 
liative procedure for infants having congenital 
cardiac anomalies associated with increased 
pulmonary blood flow and congestive cardiac 
failure. Banding is used to improve congestive 
cardiac failure, to prevent pulmonary vascular 
disease, and to allow survival until the infant is 
a suitable candidate for a corrective operation. 
However, improved operative techniques have 
been developed that permit correction of many 
cardiac anomalies in infancy. Therefore, the 
merits of palliative and corrective procedures 
must be compared so that intelligent decisions 
can be made regarding the management of 
these infants. 

Operative mortality for banding ranges from 
5 to 26%, depending on the nature of the car- 
diac anomaly and, in some reports, the age of 
the patient. The complications of banding have 
been described previously in a number of indi- 
vidual case reports and as incidental material in 
reports of large numbers of patients [1, 4, 6, 7, 
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Table 3. Complications of Banding 


—__---————————————————————————————— eee 


Complication 


——-- e“ee——— eee 


Initial operation ineffective 


Complications proximal to band site 


Complications at band site 


Results 

Band too loose: congestive heart failure persisted (6%)* 
Band too tight: cyanosis, polycythemia (6%)* 
Right ventricular cbstructive hypertrophy (3%)? 
Subvalvular aortic stenosis 

Pulmonary valve thickening, doming, stenosis (24%)? 
Ischemic necrosis of pulmonary artery 

Calcification of pulmonary artery 

Formation of aneurysm at pulmonary artery 

Erosion of band through pulmonary artery 

Rupture of pulmonary artery (3%)* 
Residual stenosis after angioplasty (1%)* 
Thrombus formation beneath band 

Location of band et bifurcation, causing partial or (37%)? 


Complications distal to band site 


complete obstruction of right or left pulmonary 


artery 


Abnormal perfusion/ventilation in lungs while band 
in place or after removal 
ha tit hn 


“Complications observed in our patients; percentages indicate incidence. 


9-15, 21-28, 30, 31]. Our report discusses 
the complications of banding, and the data 
should be helpful in comparing banding with 
primary repair. 

Of our 38 survivors, 27 had complications of 
the pulmonary outflow area. These complica- 
tions ranged from minor structural changes in 
the pulmonary valve and artery (without physi- 
ological consequence) to major complications 
leading to the patient’s death (Table 3). 

Patients with ineffective bands, causing an 
insignificant pressure gradient across the band, 
have been described [14, 30]. In such patients, 
either pulmonary vascular disease develops or 
congestive cardiac failure persists. On the other 
hand, too restrictive a band leads to severe right 
ventricular outflow obstruction, requiring im- 
mediate removal of the band or placement of an 
aorticopulmonary shunt. 

A variety of anatomical problems developing 
in the right ventricular outflow area or pulmo- 
nary artery have been described. Right ven- 
tricular hypertrophy may lead to infundibular 
stenosis [14, 22] and require operative resec- 
tion. Subvalvular aortic stenosis has been re- 
ported [7, 11, 24] and is believed to be caused 
by hypertrophy of the subaortic conal septum, 
resulting in progressive narrowing of the sub- 
aortic area. 


Thickening and doming of the pulmonary 
valve leaflets often develop as a complication of 
banding [6, 13, 14, 22], particularly if the band 
is located close to the pulmonary valve. 

Other complications occur at the site of the 
band. Calcification of the pulmonary artery wall 
beneath the band [21] and ischemic injury to 
the pulmonary trunk [1] have been described. 
Fibrosis and scarring of the pulmonary trunk, 
causing stenosis, can be found when the band 
is removed. 

The stenosis necessitates dilation or angio- 
plasty at the time of corrective repair in a large 
percentage of patients (46 to 100%) [10, 11, 14, 
22]. Even if angioplasty is performed and an 
apparently adequate diameter of the pulmonary 
artery is achieved, persistent stenosis at the 
band site has been noted when patients were 
recatheterized several years after removal of the 
band [4, 14]. 

Rupture of the pulmonary artery at the band 
site has been reported previously [11, 14, 15, 
27]. This complication must be considered if a 
patient with a band suddenly deteriorates and 
has widening of the mediastinum on thoracic 
roentgenogram. 

A similar but slower process of band erosion 
through the pulmonary artery has resulted in 
migration of the band into the lumen of the 
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pulmonary artery and gradual fibrosis of the 
wall of the artery [23, 31]. This erosion makes 
the band ineffective and can be a locus for 
thrombus formation. The complication occurs 
more frequently with bands of umbilical tape [9] 
or silk [28] than with either Silastic or Teflon 
bands. Thrombus formation within the pulmo- 
nary artery lumen beneath the band site has 
also been described [20, 30]. Hoeffel and as- 
sociates [12] reported the occurrence of a cal- 
cified aneurysm of the main pulmonary artery 
to be a result of banding. 

The most frequent complication occurring 
beyond the band is partial or complete obstruc- 
tion of the branch pulmonary arteries at the 
bifurcation of the pulmonary trunk. The origin 
of the right pulmonary artery is compromised 
more frequently than that of the left because of 
its acute angle of origin from the pulmonary 
trunk. Although we have favored Silastic bands 
because they are easily removed at corrective 
operation, they have been associated with a 
high incidence of branch pulmonary artery 
stenosis because of migration to the bifurca- 
tion. Radioisotopic pulmonary scanning stud- 
ies have shown asymmetrical blood flow dis- 
tribution [26] and ventilation perfusion defect 
[25] caused by stenosis of one of the branch 
pulmonary arteries. 

Spontaneous closure of a ventricular septal 
defect in patients who have been banded has 
been described by many authors [2, 5, 11, 16, 
18, 19, 29]. Although the incidence of spon- 
taneous closure after pulmonary banding was 
reported by Mesko and co-workers [16] to be 
19%, most other large studies report a much 
lower incidence. 

It is difficult to determine the long-term ef- 
fects of banding on the patient who has sur- 
vived banding, band removal, and corrective 
operation. Even with angioplastic repair of 
stenotic band sites, postoperative catheteriza- 
tion studies have shown that residual stenosis 
occurs [13]. 

In our study, most patients had immediate 
short-term benefits from banding since con- 
gestive cardiac failure was relieved and pulmo- 
nary vascular resistance did not increase. Al- 
though the mortality for banding was low for 
certain conditions, the complication rate is 
high. Since not all of our patients have under- 


gone corrective operation, our data for total 
mortality of banding and correction are incom- 
plete. 

Banding of the pulmonary artery is accom- 
panied by a significant operative mortality and 
a high rate of complicating abnormalities on the 
right ventricular outflow tract. At the same 
time, it remains an effective palliative proce- 
dure for certain cardiac malformations. With 
newer operative techniques for early primary 
correction of certain cardiac lesions, the risks of 
banding plus later correction must be compared 
with the risks of primary correction in infancy. 
Banding should be recommended for patients 
for whom the known mortality risk of banding 
plus later correction is less than the mortality 
risk for primary correction. If banding is rec- 
ommended, every attempt should be made to 
prevent abnormalities of the right ventricular 
outflow tract induced by the band. The follow- 
ing two steps help achieve this: using an oper- 
ative technique and banding material that pre- 
vent the displacement or migration of the band 
to the pulmonary artery bifurcation or the area 
immediately above the pulmonary valve, and 
removing the band and performing a corrective 
operation at the earliest possible age that still 
ensures a low operative mortality. 
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6 liters/min 
15 liters/min 
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47 mm/Hg 
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‘The ability of the TMO Membrane Oxygenator to transfer oxygen into 
and remove carbon dioxide from the blood will vary widely depending 


upon the condition of the blood 


ml. When the arterial and venous lines are included, 
the entire circuit may be primed with as little as 1800 ml 
aror non-cellular fluid. Clinical experience has 









been repasted on patients ranging in weight between 
25 Kg and@100 Kg. 
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PERFORMANCE CHARACTERISTICS 
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because of the variables involved in the clinical 
perfusion procedure and in the manufacture of the 
device. The values shown are for approximation only. 
The charts below show the mean values from six 
oxygenators using canine blood. 
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INDICATIONS 

The Travenol TMO Membrane Oxygenator is indicated for the oxygenation of blood and the 
removal of carbon dioxide from it in an extracorporeal circuit during total cardiopulmonary bypass 
at flow rates up to 6 liters/ minute at altitudes not in excess of 5300 feet (1615 meters). 


CONTRAINDICATIONS 
Selection of patients as candidates for oxygenation is totally a medical responsibility and the 
outcome is dependent on many variables, including patient pathology and surgical and perfusion 
procedures. 

in patients who are actively bleeding, medical judgment must be exercised in the use of the 
device. Benefits of oxygenation must be weighed against risks of total body heparinization. 
Oxygen requirements and transfer rates are influenced by many variables during perfusion. 


Evaiuation of this oxygenator at elevated altitudes has shown inadequate outlet partial pressur 
for total 3ypass (apparently because of lower O, partial pressure differences across th 
membrans. Until appropriate modifications are made, use of this device at altitudes above 530 
feet (1615 meters) is not recommended. 
Use of bicod suction devices must be limited where possible. 
PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator is used in hyperbaric environments, bot 
sides of the oxygenator must be referenced to the same pressure. The gas outlet port shoul 
remain opera and free of any obstructions. 4 
Befcre using, refer to compiete directions accompanying the product. 


Innovating forlife 


TRAVENOL LABORATORIES, INC 


ARTIFICIAL ORGANS DIVISION 
DEERFIELD, ILLINOIS. USA. 60015 


© Traveno! Laboratories, Inc. 2/79 


® 


=f 


PEs PS Sts. VTE WPT SW aa a T 


NE UPE TS SR BS eo SEs RE es ek 


THE NEW MIREL PACEMAKER FROM MEDTRONIC: 


Ce er 


in| 
En 
“A 
à 
j 

i ; 
a 
$ 
a 


- 
f 


3 
l 
R n 
nIe > 2 


1 
j 





SEE FOLLOWING PAGE FOR MORE DETAILS ON THE 
MIREL PACEMAKER FROM MEDTRONIC. 


*This demonstration unit does not contain battery or electronics, but 
approximates the Mirel pacemaker's physical characteristics—such as 
connector, size, shape and weight. Packaged in a handsome jewelry 
case, it is ideal for showing to patients, demonstrating at seminars, etc. 


SHOWN ACTUAL SIZE 





THE NEW 
MIREL PACEMAKER 


FROM MEDTRONIC: 


Our new lithium-powered Mirel pacemaker is so compact-— yet it contains all the performance features 
you've come to expect from Medtronic lithium pacemakers, including Constant Rate, Constant 
Energy, superior electromagnetic interference protection and more. And although the Mirel pace- 
maker is a step down in size, it's a step up in quality. This unique combination of smaller size plus a 
design that provides improved reliability and quality is possible due to Medtronic’s exclusive advances 





in microcircuitry. 


Simplified Assembly for High Reliability. 


The Mirel pacemaker has only 21 separate 
components as compared to 40 in its lithium 
predecessor. Benefit: less chance of component 
failure, fewer connections subject to failure. 
Mirel pacemaker components are fused by re- 
sistance welding rather than soldering. Benefit: 
reduced possibility of contamination. 

The Mirel pacemaker uses hermetically sealed 
mini-paks inside hermetically sealed hybrids. 
Benefit: circuitry is enclosed in a redundant pro- 
tected environment—an additional safety fea- 
ture for your patients. And, these “mini-paks” 
are easily and repeatedly tested before they are 


connected to the hybrid substrate. Tests include 
centrifuge, temperature and burn-in cycles, her- 
meticity, shock and, of course, visual microscopic 
inspection. 
Pacing for Life™ Warranty 
Another advantage, all Mirel-VL (ventricular- 
long-lived) pacemakers are covered by the 
Medtronic Pacing for Life™ warranty. If, during 
the life of your patient, the Mirel-VL pacemaker 
fails for any reason, Medtronic will provide a 
replacement product at no charge and give the 
same warranty on the replacement product. 
There’s much more to the Mirel story. Ask your 
Medtronic representative for details. 


MEDTRONIC’ IMPLANTABLE PULSE GENERATORS 


Intended Uses—Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhythmias, tachyarrhythmias and heart block (see product labeling for detailed list of 
intended uses). 

Contraindications— There are no known contraindications to the use of pacing as a therapeutic modality for the control of heart rate. The patient's age 
and medical condition, however, may dictate the particular pacing systems and implantation procedure used by the physician. 

Warnings— Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical 
units should never be used in the vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger 
of introducing fibrillatory currents into the heart via the implanted pulse generator/lead. Pulse generators may be damaged by defibrillatory discharges 
if the paddies are placed over the implanted pulse generator. 

Precautions—The physician should be aware that all pulse generators will ultimately cease to function and may fail at any time due to random 
component or battery failures which cannot be predicted prior to failure. Also, that the pacing system may cease to function at any time due to lead- 
related problems such as displacement, fracture, fibrotic tissue formation, and elevated thresholds, and that proper operation may be affected by 
electrical interference from equipment using electrical energy, or medical complications. 

Side Effects— Body rejection phenomena, including local tissue reaction, muscle and nerve stimulation, infection. erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and cardiac tamponade 





SHOWN ACTUAL SIZE 


(Typical Physical Specifications) 
Weight—60 grams e Diameter—53 mm 
Thickness (center)—15 mm e Thickness (edge)—11 mm ° 
Available in unipolar and bipolar configuration. 
Mirel ™-VL has 2.2 amp hour lithium-iodine power source. 
Mirel™-VM has 1.8 amp hour lithium-iodine power source. 
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Helping You Help the Pacemaker Patient 


Five-Year Follow-up 


of Patients Undergoing Coronary Artery Bypass 


Malcolm Arnold, M.D., Suchint Wathanacharoen, M.D., William A. Reed, M.D., 
Duncan A. Killen, M.D., James Crockett, M.D., J. Tenbrook King, M.D., 
Ben D. McCallister, M.D., and Hubert Bell, M.D. 


ABSTRACT Two hundred eighty-two patients who 
underwent coronary artery bypass operation be- 
tween January, 1971, and July, 1972, were followed 
until the time of death or for 5 years after operation. 
The angina-free status progressively decreased dur- 
ing the period of follow-up but at 5 years 57% of the 
survivors were free from angina. The total (early and 
late) incidence of nonfatal myocardial infarction was 
3.3 per 100 patient years of follow-up. Nine (3.2%) of 
the patients had a repeat coronary artery bypass op- 
eration within the first 5 postoperative years. 

The overall 5-year survival was 86.9%. The ex- 
pected 5-year survival of the general population, 
matched by sex and age, is 90.7%. Five-year survival 
was 97% for single-vessel disease, 87% for double- 
vessel disease, and 85% for triple-vessel disease. 


For the past 10 years coronary artery bypass has 
been performed as a therapeutic intervention in 
patients with coronary artery occlusive disease. 
Still, the effect of this procedure on the long- 
term course of such patients has not been well 
established. The current report is an analysis of 
the long-term (5 years) follow-up of a consecu- 
tive series of patients who underwent coronary 
artery bypass before July, 1972. 


Material and Methods 

Between January, 1971, and July, 1972, 282 pa- 
tients underwent coronary artery bypass at St. 
Luke’s Hospital in Kansas City, MO. A total of 
284 procedures was done. Patients undergoing 
coronary artery bypass in combination with 
other cardiac procedures were not included in 
this study. Two patients underwent 2 separate 
bypass procedures during the period of patient 
entry into the study group. Two other patients 
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previously had undergone coronary artery by- 
pass elsewhere and entered into the present 
series at the time of the second bypass opera- 
tion. 

Eighty-five percent of the patients were men. 
The patients ranged from 36 to 76 years old. 
At the time of operation, 62% were 50 years old 
or older and 21%, 60 years old or older. The 
patients were characterized preoperatively on 
the basis of age, sex, ischemic symptoms, and 
the degree of involvement of the coronary ar- 
teries. Angina that had worsened notably dur- 
ing the 3 months immediately preceding oper- 
ation or angina characterized by episodes of 
pain while the patient was receiving medical 
treatment in the hospital (usually in the inten- 
sive care unit) was designated as unstable an- 
gina. Ninety-six percent of the patients had 
experienced angina in the 3-month period 
immediately preceding the procedure. It was 
severe (New York Heart Association Functional 
Class III or IV) in 81% of patients and unstable 
in 58.4%. A transmural myocardial scar (by 
electrocardiographic criteria) was found in 
36.6% of the patients. 

The number of arteries obstructed was based 
on the preoperative arteriographic finding of 
250% (luminal diameter) stenosis of the an- 
terior descending, right, or circumflex coronary 
artery or any combination of these. Obstruction 
of the left main coronary artery was equated to 
obstruction of both the anterior descending and 
circumflex coronary arteries. Performance of 
bypass to an obstructed branch of the cir- 
cumflex, anterior descending, or right coronary 
artery automatically resulted in assignment of 
obstruction to the parent artery. For instance, 
coronary artery bypass to the diagonal coro- 
nary artery resulted in tabulating the anterior 
descending coronary artery as obstructed. 
Obstructive disease in a branch artery not 
bypassed resulted in assignment of obstruc- 


? 


225 0003-4975/79/030225-05$01.25 © 1978 by Malcolm Arnold 


226 The Annals of Thoracic Surgery Vol 27 No 3 March 1979 


è 


tive disease to the parent artery only if the 
obstructed branch was the major extension of 
the parent artery. For instance, obstruction of 
an obtuse marginal artery, which was larger 
than the remaining distal circumflex artery 
proper, resulted in assignment of obstructive 
disease to the circumflex artery. Utilization of 
these criteria permitted segregation of patients 
into single-, double-, and triple-vessel disease 
categories. Left ventricular function was char- 
acterized as normal or abnormal by visual 
interpretation of the ventriculogram. A death 
occurring within thirty days after operation was 
designated as an operative death. 

A single artery was obstructed in 33 instances 
(anterior descending coronary, 21; right coro- 
nary, 10; and circumflex coronary, 2). Two ves- 
sels were obstructed in 70 instances, and all 
three vessels were obstructed in 181. Included 
in the series were 32 patients with an obstruc- 
tive lesion (250% luminal stenosis) of the left 
main coronary artery. In 59.1% of the patients, 
the left ventriculogram was judged to be ab- 
normal (segmental or global dysfunction or 
both). 

Single bypass was performed in 54 proce- 
dures, double bypass in 126, triple bypass in 
100, and quadruple bypass in 4. The mean 
number of grafts performed was 2.2 per opera- 
tion. The autogenous vessels used for construc- 
tion of the 622 bypasses constructed were the 
saphenous vein (599), internal mammary artery 
(20), cephalic vein (2), and right gastric artery 
(1). 


Table 1. Operative Deaths 


Patient No., 


Age (yr), Sex Preoperative Status 


The late zourse and survival were determined 


through hospital readmission, office visit, in- 


formation from the referring physician, tele- 
phone interview with the patient, or a com- 
bination cf these. The incidence of certain 
postoperat._ve complications, such as nonfatal 
acute myocardial infarction, the reappearance 
(or persistence) of angina, and repeat coronary 
artery bypass operation, was calculated. The 
causes of ceath during the early and late post- 
operative periods were noted. The 5-year sur- 
vival was calculated according to the number of 
coronary arteries obstructed. 


Results : 
There were 4 operative deaths (Table 1). One of 
the patients who died had obstruction of two 
arteries, ar.d the remaining 3 had obstructive 
lesions of all three arteries. Three of the 4 pa- 
tients died of acute myocardial infarction. In- 
cluding these 3, 10 patients (3.6%) experienced 
a perioperative (operative or early postopera- 
tive) transmural myocardial infarction. 

All patients were followed to death or for at 


least 5 years. The time course of the angina 


status of surviving patients is shown in Table 2 
and Figure 1. The incidence of angina-free 
(Class I) stetus progressively decreased but at 5 
years, 57.1% of the surviving patients remained 
free from angina. 

During the period of late follow-up (thirty 
days to & years) there were 37 instances of 
acute nonfatal myocardial infarction. When 
these are added to the 7 perioperative infarc- ` 


Cause of Death? 


1. 54,M NYHA Class IV, unstable angina with LV scar AMI (2 d) 
(LVEF = 30%) 
2. 46, M* NYHA Class HI, unstable angina with recent AMI (14 d) 
(14 d) AMI 
3. 55,M NYHA Class III, unstable angina Hemorrhage (3 d)? 
4. 71,M NYHA Class III, unstable angina AMI (1 d) i 





“Days postoperative in parentheses. 
"Disruption of aortic (vein graft) anastomosis. ` 


NYHA = New York Heart Association; LV = left ventricular; LVEF = Jet ventricular ejection fraction; AMI = acute 


myocardial infarction. 


t 
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Table 2. Symptomatic Course of the 282 Patients? 


Postoperative Angina Status 


NYHA Functional Class Preoperative Angina Status 1 Yr 2- Yf 3yr -4yr 5 Yr 
Class I 12 215 208 186 166 140 
Class II 41 45 47 59 57 60 
Class IH 128 6 8 9 24 39 
Class IV 101 2 0 3 5 6 
Dead 14 19 25 30 37 


aAngina immediately (3 mo) preoperatively and at yearly intervals postoperatively. 


NYHA = New York Heart Association. 


PATIENTS 
(%) 





PRE- 1 2 3 4 5 
OPERATIVE TIME POST OPERATIVE (YRS.) 


Fig 1. Preoperative and postoperative course of angina 
in survivors. At 5 years 57% of patients were in New 
York Heart Association Functional Class I and 81.7% in 
Class I or Il. 


tions, the total incidence of nonfatal myocardial 
infarctions per 100 patient years of follow-up is 
3.3: 

A repeat coronary artery bypass procedure 
was performed in 9 of the 280 patients under- 
going primary coronary artery bypass. That is, 
3.2% of all patients required reoperation within 
5 years. 

During the late follow-up period there were 
33 deaths. The causes and postoperative times 
of death are summarized in Table 3. If the oper- 
ative deaths and those late deaths due to acute 
myocardial infarction, sudden unexpected. epi- 
sodes (arrhythmias?) and congestive heart fail- 
ure are combined, it is seen that 27 (73%) of the 
deaths were due to coronary artery disease. The 
total (early and late) incidence of coronary ar- 
tery disease-related deaths was 1.9% per year 
for the original 282 patients. Clearly, coronary 
artery disease remains the overwhelming cause 
of late death in these patients. 


Table 3. Late Deaths 


No. of Time of 
Cause of Death Patients Death? (mo) 
Myocardial infarction 12 24.6 (1.5—56) 
Sudden? 9 26.8 (2.5—55) 
Congestive heart 2 13 (11-15) 
failure 
Neoplasm" 6 32.5 (14-50) 
Cerebrovascular 2 34.5 32-37) 
accident 
Automobile accident 1 14 
Gastrointestinal 1 51 
hemorrhage 


*Mean and range. 
"Presumably due to arrhythmias. 
“Lung, 3; brain, 1; ovary, 1; prostate, 1. 


SURVIVAL 
(%) 
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86.9% 





1 Mo. 1 ¥r. 2 Yr. 


3 Yr. 4 Yr. 5 Yr. 
TIME 


Fig 2. Survival following coronary artery bypass (solid 
line) compared with survival of general population 
matched by age and sex (broken line). ; 


The overall 5-year survival was 86.9% (Fig 2). 
The 5-year survival of patients with single- 
vessel disease was 97%, with double-vessel 
disease, 87%, and with triple-vessel disease, 
85%. 
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Comment 
In the present report, we have attempted to 
document the influence of coronary artery by- 


pass on the long-term course of angina, risk. 


of acute myocardial infarction, and survival. 
The angina-free status of the patients progres- 
sively decreased over the 5-year period, but 


there was symptomatic relief in more than half. 


of the survivors 5 years after operation. The in- 
cidence of coronary-related fatalities in the 
follow-up period seems low relative to patients 
treated medically; however, precise comparison 
with data on medically treated patients is not 
easy to obtain [2]. 

It is of interest to compare the rate of survival 
of the present series of patients with that of 
patients with coronary artery occlusive disease 
(arteriographically demonstrated) treated medi- 
cally. The studies of Bruschke and associates 
[2, 3] are pertinent to this comparison. These 
investigators summarized the course of 590 pa- 
tients followed for at least 5 years after categori- 
zation of their coronary artery disease by an- 
giography. As we did in the present study, they 
used arterial obstruction of 250% (luminal 
diameter) stenosis as the determinant of “‘sig- 
nificance,” and excluded patients with other 
cardiac lesions such as rheumatic heart disease 
and congenital heart disease. They found that 
the 5-year survival rate was 82.7% in patients 
with single-vessel disease, 61.8% in patients 
with double-vessel disease, and 44.9% in pa- 
tients with triple-vessel disease. 

Another factor which they found to influence 
survival was the status of left ventricular func- 
tion [3]. We have not evaluated quantitatively 
left ventricular function in the present series; 
however, Bruschke and co-workers [3] found 
overall 5-year survival to be only 75% in pa- 
tients with normal left ventricular function and 
69% in patients with localized left ventricular 
scar. Even these rates of survival compare un- 
favorably with those of the present series. 

Another interesting series of medically 
treated patients is that recently reported by 
Murphy and associates [6]. These patients had 
chronic stable angina (no accelerated or un- 


stable course within 6 months of entry into. 


the series) and no left main coronary artery 
obstruction, and were considered technically 


candidates for coronary artery bypass. These 


patients ‘zollected 1972 to 1974) had an 87% 
survival a? 3 years. Although many of the pa- 
tients in the present series were more at risk of 
death (urstable angina, left main coronary ar- 
tery obstcuction and, older), their overall 3- 
year surv.val was 91% (see Fig 2). 

We reai:ze that the patient data reported by 
Bruschke ,2, 3], and by Murphy [6] and their 
co-workers were collected in different settings 
and that tze patients are not necessarily compa- 
rable to the patients who make up the present. 
series. We think that the observed disparity of 
survival Eetween the two medically treated se- 
ries and the present series (noting the dif- 
ferences c= patient selection) is helpful in es- 
tablishing the efficacy of the coronary artery 
bypass operation. The long-term survival of 
patients tndergoing coronary artery bypass 
was evaluated also by Hall and colleagues [4, 5]. 
Their date too were thought to show an im- 
proved 5-year survival following coronary ar- 
tery obstruction and’ older), their overall 3- 
year surviral was 91% (see Fig 2). 

Another interesting standard for evaluation 
of surviva. following coronary artery bypass is 
comparison with survival of the general popu- 
lation matched by sex and age. For the present 
series of patients, the expected 5-year survival 
of the general population matched by age and 
sex is 90.7% [1]. This is not much higher than 
that (86.99-) observed. 

The series of coronary artery bypass proce- 
dures at &. Luke’s Hospital numbered more 
than 3,000 patients at the time of writing. The 
trend has been toward a somewhat lower oper- 
ative mortality and a seemingly better late sur- 
vival, although long-term survival data are ob- 
viously noi available for all of these patients [1]. 
We believe that the 5-year survival obtained by 
coronary artery bypass more than vindicates 
the use of coronary artery bypass in symp- 
tomatic patents with severe coronary artery oc- 
clusive diszase. In fact, we think that it allows 
one to assume broad indications for recom- 


. mending coronary artery bypass in such pa- 


tients. ° 


a 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting of the 
Southern Thoracic Surgical Association will be 


‘held at the Hilton Palacio Del Rio Hotel, San 


Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
cians except for guest speakers, authors and 
co-authors on the program, and residents. 
Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1979, to Richard E. Clark, M.D., 
Suite 3108, Queeny Tower, 4989 Barnes Hospi- 
tal Plaza, St. Louis, MO 63110. Abstracts should 
be double-spaced on one side of one sheet of 


paper, with a 1-inch left margin, and limited to 
200 words. All slides used during the presenta- 
tion must be 35 mm. The abstract must list a 
member as a co-author. Manuscripts of ac- 
cepted papers must be submitted to The Annals 
of Thoracic Surgery by Oct 15, 1979. 

Applications for membership should be 
completed by Sept 1, 1979, and forwarded to 
Thomas O. Gentsch, M.D., 1150 NW 14th St, 
Miami, FL 33136. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 


Ventricular Fibrillation during 
Cardiopulmonary Bypass: Long-Term Effects 
on Myocardial Morphology and Function 


Wolfgang Schraut, M.D., John J. Lamberti, M.D., 
Ken Kampman, M.D., and Seymour Glagov, M.D. 
With the Technical Assistance of Marilyn Robertson, B.S. 


ABSTRACT Mongrel dogs were subjected to 
hypothermic (28° to 30°C) cardiopulmonary bypass 
with hemodilution by 50%. In two groups of 8 dogs 
each, ventricular fibrillation was induced for 60 and 
90 minutes, respectively, while the dogs were on 
bypass. A group of 6 dogs with the heart beating 
but nonworking served as control. Seven weeks 
after operation, hemodynamic: measurements were 
‘made in the survivors (6 in each group) and the heart 
was fixed by perfusion with glutaraldehyde. Multi- 
ple transmural samples were taken from both ventri- 
cles. Light microscopy revealed solitary left ven- 
tricular scars (0.5 to 3 mm wide) in 2 hearts each from 
Groups 2 and 3. None of the hearts exhibited diffuse 
subendocardial fibrosis indicative of healed isch- 
emic injury. All animals were hemodynamically 
normal. 

We conclude that in the nonhypertrophied heart, 
ventricular fibrillation up to 90 minutes with con- 
tinuous bypass-sustained coronary perfusion (perfu- 
sion pressure at or above 70 mm Hg) offers protec- 
tion from permanent myocardial injury. 


Ventricular fibrillation is an attractive method 
of cardiac arrest during cardiopulmonary by- 
.pass (CPB) since it offers a quiet operative 
field with apparent myocardial protection due 
to continuous coronary perfusion with oxygen- 
ated blood. Extensive experimental evaluation 
of ventricular fibrillation during CPB has been 
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performed in the nonhypertrophied canine 
heart. Many immediate and postoperative det- 
rimental =ffects have been reported, such as in- 
creased myocardial consumption of oxygen [8, 
9], relative underperfusion of the subendocar- 
dial myozardium [9, 15], metabolic derange- 
ment wit- increased myocardial production of 
lactate [8.. and release of myocardial enzymes 
[10]. All are suggestive of imbalance between 
myocardial oxygen supply and demand. Other 
experimental studies did not confirm these 
harmful effects [1, 5, 14], and clinical experience 
with induced ventricular fibrillation during 
heart operations has been favorable in general 
[13, 16]. We designed the present study to de- 
termine if -he potentially detrimental effects of 
ventricular fibrillation during CPB result in 
permanent injury to the myocardium. 


Materials =nd Methods 

Twenty-two dogs weighing 18 to 22 kg were 
placed on Fypothermic (28° to 30°C) cardiopul- 
monary bypass (CPB) and divided into three 
groups bas=d on the experimental intervention 
used at byrass. Group 1 (6 dogs) served as con- 
trol. The eart remained beating but non- 
working (leit ventricular vent) with anatomical 
coronary perfusion through the aortic root for 
60 minutes. In Group 2 (8 dogs) ventricular fi- 
brillation wes induced after placing the left ven- 
tricular ver:. Coronary perfusion again was 
bypass-susEined during the experimental 
interval of &@ minutes. In Group 3 (8 dogs), the 
experimente. interval with ventricular fibrilla- 
tion was extended to 90 minutes under the 
same condiftons as in Group 2. . 

The dogs were anesthetized with sqdium 
pentobarbital (20 mg per kilogram of body 
weight) and maintained on ventilatory support. 
Electrocardicgram, central venous pressure, 
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femoral artery pressure, and rectal temperature 
were monitored and recorded continuously. 
Through a right lateral thoracotomy the 
pericardial sac was opened longitudinally. Fol- 
lowing systemic heparinization (2.5 mg per 
kilogram), the right atrium and femoral artery 
were cannulated. Bypass was maintained with 
a pediatric-sized bubble oxygenator with an 
integral heat exchanger (Bentley Laboratories), 
primed with 500 ml of fresh nonmatched dog 
blood, 1,000 ml of balanced electrolyte solution, 
and 12.5 gm of mannitol. Immediately after 
bypass was begun, a left ventricular vent was 
inserted through an apical stab incision. In 
Groups 2 and 3, ventricular fibrillation was in- 
duced by a brief episode of alternating current. 
Fibrillation was then allowed to continue 
spontaneously for 60 and 90 minutes, respec- 
tively. During CPB, blood temperature was 
maintained at 28° to 30°C. Bypass flow ranged 
from 70 to 100 ml per minute per kilogram to 
maintain perfusion pressure at or above 70 mm 
Hg. Once the experimental time interval had 
passed, rewarming was begun, and within 3 to 
4 minutes blood temperature rose to 36°C al- 
lowing defibrillation. Total CPB was continued 
for another 15 minutes. After the left ventricular 
vent had been removed, the animal was 
weaned from bypass, heparin was reversed 
with protamine sulfate, and the thorax was 
closed anatomically. Within 4 hours, ventila- 
tory support was discontinued. No cardiotonic 
drugs were administered during test and recov- 
ery periods. 


Preparation and Examination of the Hearts 

Before the dogs were killed, 45 to 50 days after 
the operation, the following hemodynamic vari- 
ables were measured through aleft thoracotomy: 
cardiac output, left ventricular pressure, left 
atrial pressure, central venous pressure, aortic 
pressure, heart rate, and maximal rate of rise of 
left ventricular pressure (LV dP/dt max). After 
the aortic arch was cannulated, the heart was 
fibrillated and the coronary vasculature flushed 
with dactated Ringer’s solution, immediately 
followed by controlled pressure (100 mm Hg) 
perfusion fixation with isotonic 2% glutaral- 
dehyde for 30 minutes. The hearts were then 
excised and opened, and the endocardium was 


inspected for evidence of myocardial injury. 
Transmural ventricular samples were taken 
from five anatomically defined locations: the 
anterior and posterior papillary muscles (in- 
cluding the subjacent ventricular wall), the 
midseptum, the lateral left ventricular free 
wall, and the right ventricular free wall (at 
the obtuse and acute margin, both midway 
between the coronary sulcus and apex). The 
samples were embedded in paraffin, and mul- 
tiple sections, stained with hematoxylin and 
eosin or two connective tissue stains (Weigert- 
van Gieson and Gomori-trichrome with al- 
dehyde fuchsin), were studied for myocardial 
fibrosis and scarring. Whenever such lesions 
were found in a sample, additional samples and 
sections from the heart were inspected. 


Results 

Survival 

All animals in Group 1 (nonworking heart) sur- 
vived and were killed 45 to 50 days later. Six of 
the 8 dogs in both Group 2 (60 minutes of ven- 
tricular fibrillation) and Group 3 (90 minutes of 
ventricular fibrillation) survived. Three dogs 
died six to seven hours after CPB of hypoxia 
due to edema and hemorrhage in either the left 
lung (1 animal) or both lungs (2 animals). The 
other dog died of multiple rhythm disturb- 
ances. Hemorrhage of unexplained cause was 
found in the area of the atrioventricular node at 
postmortem examination. 


Hemodynamic Studies 

Hemodynamic data obtained before death are 
summarized in the Table. No statistical dif- 
ference was found among the groups. The nu- 
merical values of LV dP/dt max calculated from 
measurements made before death correspond 
well to those values considered normal for 
mongrel dogs by other investigators. 


Myocardial Morphology 

Macroscopic inspection revealed normal en- 
docardium free from fibrosis and cut myocar- 
dial surfaces without gross scars. Light micro- 
scopic study demonstrated normal myocardium 
and endocardium in all hearts of the control 
group. Equally unremarkable were 4 of the 6 
hearts in Group 2. Three samples from the left 
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Hemodynamic Data as Mean Values within Each Group (Reuge of Observed Values in Parentheses) 





No. of Dogs 


HR LVP LVEDP CO LV dP/dt max 
Group Studied (beats/min) (mm Hg) (mm Hg) (Limin) (mm Heg/sec) 
Group 1 6 160 165 5 1.8 2,600 
(Control) (145-190) (150-190) (0-10) (1.7-1.9) (1,800-3,320) 
- Group 2 6 165 145 41 1.7 2,460 
(VF 60 min) (110-190) (120-160) (2-8) (1.3-2.0) (1,880-3,280) 
Group 3 6 178 140 3 1.4 2,900 
(VF 90 min) (155-205) (115-160) (0-5) (1.2-1.8) (1,800-3,760) 


HR = heart rate; LVP = peak left ventricular pressure; LVEDP = lef: ventricular end-diastolic pressure; CO = cardiac 
output; LV dP/dt max = maximal rate of rise of left ventricular pressure; VF = ventricular fibrillation. 


ventricle of 1 of the remaining hearts exhibited 
a solitary, minute, subendocardial scar (0.5 mm 
wide). The anterior papillary muscle of the sixth 
heart showed a solitary scar smaller than 0.5 
mm in diameter. Additional samples and sec- 
tions were unremarkable. All samples from 4 
hearts of Group 3 dogs were free from lesions 
suggestive of healed myocardial injury. A 
single linear subendocardial scar (1 mm wide) 
was found in a section through the anterior 
papillary muscle of 1 animal. The other heart 
revealed evidence of left ventricular ischemic 
injury in sections from anterior papillary mus- 
cle (solitary scar, 2 X 3 mm), posterior papillary 
muscle (area of subendocardial fibrosis, 1.5 x 3 
mm), and free left ventricular wall (two scars, 0.5 
mm wide). This animal sustained a 15-minute 
hypotensive episode (blood pressure, 50 mm 
Hg) during bypass. Additional samples taken 
from these animals revealed normal myocardial 
morphology. 


Comment 

Clinical experience utilizing ventricular fibril- 
lation during open-heart procedures, especially 
coronary artery bypass operations, is extensive 
and the results have been favorable in general 
[13, 16]. Griepp and co-workers [7], however, 
found an increased postoperative infarction 
rate following aortocoronary revascularization 
procedures employing ventricular fibrillation. 
Najafi and associates [11] reported a series 
of patients who died of left ventricular hem- 
orrhagic subendocardial necrosis following 
open-heart operation. Prolonged ventricular 
fibrillation was identified as the causal factor. 


t 


This rəport in particular led to extensive 
reevalimtion of ventricular fibrillation as a 
methoz of elective cardiac arrest with asso- 
ciated nyocardial protection by coronary perfu- 
sion. 

Acu- experimental studies on the normal 
canine heart by Baird [1], Cox [5], Proctor [12], 
and their colleagues corroborate the reports of 
favora le clinical experience. No differences in 
measusable indices of acute ischemic or 
hypox:: myocardial injury (lactate production, 
enzyme release, myocardial adenosine triphos- 
phate content, oxygen consumption, regional 
blood flow, or contractility) could be found 
between the fibrillating and the beating non- 
working heart. In seeming contradiction are 
multiple reports by Buckberg (3, 4], Brazier [2], 
Hotter ott [9], and their associates who found 
that s_bendocardial blood flow during ven- 
tricula- fibrillation was notably reduced, if not 
inadecate. Buckberg and co-workers [3, 4] 
thought that the detrimental effects of ven- 
tricula- fibrillation (in the nonhypertrophied 
canine heart) could be averted if the perfusion 
pressure was maintained at 100 mm Hg, if the 
left vertricle remained decompressed by a vent, 
if he-odilution and moderate hypothermia 
(32°C) were avoided, and if ventricular fibrilla- 
tion was limited to 60 minutes. All of these ex- 
periments were performed acutely and none of 
the derangements noted were shown’ to be ir- 
revers-ole. . 

In c__nical practice, hypothermia, hemodilu- 
tion, end perfusion pressures of less than 100 
mg Hg are frequently employed with ventricu- 
lar fibrillation during cardiac operations. If the 
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abnormalities of metabolism, ventricular func- 
tion, and regional myocardial blood flow de- 
tected by Buckberg [3, 4], Grover [8], and their 
colleagues are significant, permanent but sub- 
lethal impairment of the myocardium, i.e., 
myocardial fibrosis, might occur. Such an in- 
jury pattern might not be detected by survival 
statistics but only by late systematic histological 
examination of the myocardium. 

Our experimental model was designed to 
simulate clinical techniques, although the pro- 
cedures were carried out in healthy dogs. This 
may limit the relevance of our findings in terms 
of clinical practice. Commonly used bypass 
techniques were applied. Perfusion pressure 
was maintained at about 70 mm Hg; bypass 


flow ranged from 70 to 100 ml per kilogram. 


per minute; and hypothermia to 30°C with 
hemodilution was utilized. Although these 
techniques do not necessarily avoid temporary 
myocardial impairment and damage, we found 
that under these experimental conditions ven- 
tricular fibrillation with coronary perfusion for 
60 to 90 minutes is not followed by permanent 
myocardial injury. This suggests that within 
our experimental setting, myocardial oxygen 
supply and demand were balanced. 

The conclusions of our study are based on 
thorough histological examination of the heart 
as advocated by Ferrans [6] and were made pos- 
sible by the method of preparation. Perfusion at 
physiological pressures with isomolar glutaral- 
dehyde renders the heart fixed in near-diastolic 
configuration, which allows easy identification 
of anatomical landmarks for transmural sam- 
pling. In particular, thorough study of the 
papillary muscles, the preferential site of isch- 
emic damage, was undertaken. Evidence of 
diffuse subendocardial fibrosis could not be 
found in any heart. The scattered, isolated mi- 
croscopic scars detected in 4 of the hearts sub- 
jected to ventricular fibrillation may be a result 
of the fibrillation. It is possible, however, that 
these lesions predated the experimental study 
or were a result of embolic phenomena during 
or after CPB. 

In the absence of demonstrable anatomical 
injury, i.e., diffuse myocardial scarring, hemo- 
dynamic measurements within the normal range 
were expected. In fact, cardiac performance as 


expressed by heart rate, cardiac output, blood 
pressure, and LV dP/dt max before death corre- 
lated with the histological findings of normalcy. 
Comparing the groups of dogs undergoing 
ventricular fibrillation with the control group in 
respect to hemodynamic performance (LV dP/dt 
max) did not demonstrate a significant dif- 
ference, probably because of the wide variation 
in observed values. 

None of the dogs that underwent CPB and 
ventricular fibrillation and that died in the early 
postoperative period showed evidence of sub- 
endocardial hemorrhage or necrosis. It could be 
argued that this subset of animals would have 
exhibited long-term evidence of myocardial 
injury if survival had occurred. If a spectrum of 
injury occurs with the use of ventricular fibril- 
lation during CPB, survivors would have been 
expected to show a range of myocardial scar- 
ring. Since no survivor, except possibly 1 ani- 
mal that underwent 90 minutes of ventricular 
fibrillation showed any marked morphological 
impairment, we conclude that any functional 
derangement associated with 60 or 90 minutes 
of ventricular fibrillation during CPB is poten- 
tially completely reversible. 
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INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 
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tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart block unre 
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PRECAUTIONS Implanted pacemakers have a finite and rela- 
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initial capacity of the battery and the shelf storage time of the 





manufactured pacemaker; variations in electrode system resis 
tances, stimulation rate, and the percentage of time the im 
planted pacemaker is inhibited; and random elearenic 
component failures 

Pacemaker operation can be influenced by elextaic, magne- 
tic, or electromagnetic energy mimicking normal cardiac ac- 
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sufficient energy into a pacemaker system to damage the pulse 
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pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib- 
rillation; defibrillation can damage the pacemaker, and the 
presence of the pacemaker may cause increased cardiac muscle 
damage from defibrillation. Certain electrical and gasoline- 
powered appliances can cause inhibition of an implanted 
cardiac pacemaker system 

For complete precautions, see the Physician's Manual for 





the Intermedics cardiac pulse generator to be used. 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported 
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A thinner, lighter pacemaker 
for your patient’s well being. 


No one has to tell you that a 
pacemaker implant raises a 
number of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, “How much will it show?” 
At Intermedics, we are cognizant of 
this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you the 
reliability of our CMOS circuitry in 
a trimmer, more compact size. 
Yes, the ThinLiths employ the 
same dependable CMOS circuitry 
proven successful in our other 
Intermedics pulse generators. In 
addition, the lighter weight, 
reduced thickness and smoothly 
rounded corners reduce pocket 
bulge and add to the post-operative 
comfort of your patients. Also, the 


ThinLith design helps to reduce 
skin pressure necrosis and the 
chances of pacemaker migration 
within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients’ concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those 
designer originals. Contact your 
Intermedics representative for 
more information on the ThinLith 
series. 

Typical dimensions of the ThinLiths 


Height Width Thickness Weight Volume 


(cm) (cm) (cm) (g) (cm3) 
ThinLith I* 6.6 4.6 1.1 78 40 
ThinLith II* 6.0 46 1.1 68 27.5 
ThinLith I 5.1 4.6 1.1 55 22 
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DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediyl)|. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minima! tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 
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ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
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the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 


PRECAUTIONS 

As with all sutures, acceptable surgical practice must be fol- 
lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 


Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 
ETHIBOND sytures are available sterile as green braided and 


undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
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EXERCISE AND CORONARY HEART DISEASE: Role 
in Prevention, Diagnosis, Treatment (2nd Ed.) by Gerald F. 
Fletcher and John D. Cantwell, both of Georgia Baptist 
Hospital, Atlanta. Now in its Second Edition, this book is 
presented for health care personnel who are concerned with 
the use of exercise in the prevention, diagnosis and treat- 
ment of coronary heart disease and in the rehabilitation of 
coronary heart disease patients. The text features a review of 
the literature, an explanation of physiological effects, a 
discussion of the interaction of exercise with various risk 
factors, and a delineation of the potential dangers of exer- 
cise. ‘79, 312 pp., 85 il., 24 tables, $27.50 


MONITORING SURGICAL PATIENTS IN THE OPER- 
ATING ROOM edited by J. S. Gravenstein, Case Western 
Reserve Univ., Cleveland, Ohio; Ronald S. Newbower, Har- 
vard Uniw., Cambridge, Massachusetts; Allen K. Ream, 
Stanford Unw., Stanford, California; and N. Ty Smith, 
Univ. of California, San Diego. (34 Contributors) This 
eclectic exchange of ideas and experiences on surgical mon- 
itoring proposes to reduce the morbidity and mortality asso- 
ciated with anesthesia and surgery by developing 
technology tọ obtain and display appropriate data. 
Emerging trends and new concepts are reviewed, empha- 
sizing cardiovascular, respiratory, and central nervous 
system monitoring. ’79, 288 pp., 78 il., 19 tables, $22.50 


RESPIRATORY INTENSIVE CARE edited by Robert M. 
Rogers, Un:v. of Oklahoma Health Sciences Center, Okla- 
homa City. (38 Contributors) Contributors provide selec- 
tions on diagnosis and clinical presentation of respiratory 
failure, the logistics of establishing a respiratory intensive 
care unit or service, acid-base balance as it relates to respira- 
tory failure, gas exchange in chronic obstructive lung dis- 
eases, Oxygen transport, oxygen therapy and nonventilatory 
therapy of respiratory failure, and the principles of mechan- 
ical ventilation. '77, 448 pp., 138 il. (3 in color), 36 tables, 
$34.00 


PERCUTANEOUS ANGIOGRAPHY by S. Swamy, Mi- 
chael Reese Medical Center; Lewis Irwin Segal, Louis A. 
Weiss Memorial Hospital; and S. Mouli, Foster-McGaw 
Medical Center; all of Chicago. The numerous self- 
explanatory sketches presented in this book cover in detail 
the basic angiographic techniques and present solutions for 
many common technical problems. One section details the 
programming of standard studies, while a special recipe 
section is devoted entirely to the systematic method of 
studying common disease processes. The numerous illustra- 
tions show the angiographic patterns, which have been 
classified according to the pathologic lesions, and their rela- 
tion to the gross histological architecture. ’77, 848 pp. (8 1/2 
x 11), 1455 ıl., $80.00 


ESOPHAGEAL HIATUS HERNIA: Rationale and Results 
of Anatomic Repair by Thomas Gahagan and Conrad R. 
Lam, Henry Ford Hospital, Detroit. In their classification 
of esophageal hiatus hernias, the authors have added a third 
type to the two well-recognized types. This added type, the 
infracardiac bursa hernia, differs in that it enters the chest 
through an opening to the right of the esophagus and in- 
variably comes to lie in the right pleural cavity. Surgical 
techniques and results are presented. The esophageal com- 
plications of hiatal hernia are considered in detail, keeping 
in mind anatomic principles when esophageal complica- 
tions associated with hiatus hernia are encounteréd. ’76, 208 
pp., 161 il., 1 table, $22.50 ‘ 
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Several years ago, we introduced the Datascope 
system 80 Intra-Aortic Balloon Pump. Since that 
ime it has proven itself to be the most reliable system 
n the world. 

We just improved on it. With the new Datascope 
system 82. 

The System 82 is dramatically simpler to 
inderstand and to operate. Setting two prominent 
slide controls is essentially all that is needed for 
roper adjustment. 

To test its simplicity, we gave it to nurses who had 
ever seen it before. With no instruction whatsoever, 
hey were able to understand and adjust each control. 

The System 82 is 50% quieter than its predecessor. 

It utilizes a revolutionary Electrosurgical 
nterference Suppression Module, ESIS. In most 
ases, this device virtually eliminates RF 
nterference due to electrocautery. Which means a 
nore reliable triggering signal. 

We’ ve also improved the monitor itself. We made 
t non-fade. Which gives it a clearer, more effective 
lisplay. So you not only get a better display of patient 
lata, but also of system control signals. 

But we didn’t change everything. We’ve kept 
nany of the things that made our System 80 so 
juccessful. 

We haven’t changed the unique Datascope 
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Dual-Chamber Balloon.* In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 
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Bronchogenic Carcinoma with a 
Brain Metastasis: A Continuing Challenge 


Tomas A. Salerno, M.D., John R. Little, M.D., 


and Darrell D. Munro, M.D. 


ABSTRACT Twenty-three patients with carcinoma 
of the lung ànd a brain metastasis had both the pri- 
mary and secondary tumors surgically removed 
(combined operation). Results revealed that 52 % of 
the patients were unimproved and died during the 
first 6 months. Operation improved short-term sur- 
vival in 26%. Five patients (22%) lived longer than 2 
years, and 3 of them (13%) arè alive and well 10 or 
more years following operation. 


Survival for untreated patients with cancer of 
the lung and brain metastasis is approximately 
3 months [7, 14]. Radiation therapy increases 
survival to an average of 5 months [13] while 
chemotherapy offers little to these patients [13]. 

The object of this investigation was to assess 
the efficiency of combined operation for the 
treatment of the primary lung cancer and of an 
apparent solitary brain metastasis. 


Material 

From 1958 to 1976, 23 patients underwent surgi- 
cal resection of primary lung cancer and 
brain metastasis. There were 10 men and 13 
women, and they ranged from 31 to 61 years old 
(mean, 52 years). 

Fifteen patients were seen with a lung lesion 
and subsequently had brain metastasis, the 
interval between lung operation and neurolog- 
ical symptoms ranging from 2 to 36 months 
(mean, 15 months). Eight patients underwent 
craniotomy first and subsequently were found 
to have a primary lung tumor. The time interval 
between craniotomy and identification of the 
lung lesion ranged from two days to 45 months 
(mean, 13 months). 

In all 23 patients the primary lung lesion was 
discovered on chest roentgenogram. Medias- 
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tinoscopy was negative in all patients as were 
liver, spleen, and bone scans. 

Neurological investigations revealed a šoli- 
tary brain lesion in all patients. Computed to- 
thography was not used in any of the patients. 
Air encephalography revealed the brain lesion 
in every patient. Brain scan and cerebral an- 
giography confirmed the solitary lesion in the 
brain in all patients but 1. 


Method 

Thoracic Procedure 

A lobectomy was performed in 13 patients 
and a pneumonectomy in 10. The pathological 
findings in the 13 patients undergoing lobec- 
tomy were poorly differentiated adenocar- 
cinoma in 5 patients, well-differentiated ade- 
nocarcinoma in 3, squamous cell carcinoma 
in 3, and undifferentiated small cell carcinoma 
in 2. For those undergoing pneumonectomy, 
the findings were squamous cell carcinoma 
in 3, poorly differentiated adenocarcinoma in 
2, bronchoalveolar carcinoma in 2, undiffer- 
entiated small cell carcinoma in 2, and well- 
differentiated adenocarcinoma in 1. All patients 
except 1 were thought to have a curative lung 
resection. 

One patient required chest wall excision 
owing to direct extension of the lung tumor. As 
of November, 1978, this patient was alive with- 
out evidence of recurrence 17 years following 
combined operation. The cell type of lung le- 
sion is described in the Table. 


Intracranial Procedure 

In most patients the metastatic nodules were 
well defined, allowing grossly complete re- 
moval. Resection was subtotal in 3 patients 
with cerebellar and in 2 patients with cerebral 
metastasis. 

In 14 patients, a craniotomy was performed 
for removal of cerebral metastasis, and in 9 pa- 
tients a suboccipital craniectomy was per- 
formed for cerebellar metastasis. Subsequently, 


? 
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Data on 3 Patients Who Survived for More Than 10 Years 


after a Combined Thoracotomy and Craniotomy 





Patient Location of Tumor 


No., Sex, 


Age (yr) Lung Brain Thoracic 


Intracranial 


Surgical Treatment (mo/yr) 


Additional 
Therapy 


Survival 


Pathology Time (yr) 





1. F, 49 LUL L cerebellum L pneumonec- 
tomy, positive 
hilar nodes 


(3/66) 


2. M, 43 RUL R fronto- 


parietal 


R upper lobec- 
tomy (11/61) 


3. M, 54 LUL R fronto- 


parietal 


L upper lobec- 
tomy, resection 
3 ribs (4/61) 


Suboccipital 


R fronto- 


R fronto- 


Radiation 11 (alive) 
of brain 


and chest 


Poorly 
differentiated 
adenocarcinoma 


craniec- 
tomy, ex- 
cision 2 cm 
nodule 
(2/66); re- 
exploration 
posterior 
fossa, exci- 
sion recur- 
rent tumor 
(10/66) 
Well- 
differentiated 
adenocarcinoma 


Radiation 16 (alive) 


parietal of brain 
craniotomy, 
excision 4 
cm nodule 
(11/61) 
Radiation 17 (alive) 
of brain 


Squamous cell 
parietal carcinoma 
craniotomy, 

excision 

tumor 

nodule 

and asso- 

ciated 

hematoma 

(2/60) 





LUL = left upper lobe; L = left; RUL = right upper lobe; R = right. 


1 patient underwent a second craniotomy for a 
second cerebral metastasis 2 years following the 
initial procedure. One patient had a second pos- 
terior fossa exploration for a recurrent cerebellar 
metastasis 8 months following the initial suboc- 
cipital craniectomy. 

Nine patients received radiation therapy to 
the brain following craniotomy; 5 of these pa- 
tients survived longer than 2 years. Chemo- 
therapy was used in 1 patient and was of no 
benefit. 


Results 

There were 5 operative deaths (thirty days); 3 
following thoracotomy and 2 following intra- 
cranial operation. Seven patients died during 
the subsequent 5 months. Four had had a 
thoracotomy followed by craniotomy and 3, a 
craniotomy followed by thoracotomy. There- 
fore, 12 patients (52%) derived little benefit 
from surgical treatment. 

Six patients (26%) were clinically improved 
but died 7 to 24 months after operation. Four 
had undergone thoracotomy first and then 
craniotomy. 


Five patients (22%) lived longer than 2 years 
without symptoms. Thoracotomy was the ini- 
tial procedure in 2 of them. The 3 patients (13%) 
who are alive and free of disease at 11, 16, and 
17 years after the first step of the combined 
procedure had a craniotomy as the initial 
procedure. A thoracotomy was subsequently 
performed at 1 month, 2 months, and 3 years, 
respectively, following the craniotomy. A de- 
tailed analysis of those 3 patients surviving 
longer than 5 years is presented in the Table. 

Postmortem examinations were performed in 
8 patients: of 3 who died in the first postopera- 
tive month, 2 had an additional brain metastasis 
and 1 had liver metastasis. The findings in the 
other patients were those of generalized car- 
cinomatosis. 


Comment 

Visceral metastasis from cancer of the lung 
carries a grave prognosis, and the patient is 
usually considered inoperable. The brain is 
highly susceptible to metastasis from cancer 
of the lung; brain metastases occur in up to 48% 
of patients in postmortem series [1, 3, 6, 15, 16, 
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19]. In a significant number of these patients, 
either an overt brain lesion is present at the 
time of discovery of the primary lung lesion ora 
lung lesion develops following removal of a 
metastasis to the brain. Neuroradiological pro- 
cedures are usually reliable in identifying brain 
metastases, although they may miss small mul- 
tiple lesions [12, 18]. 

In our series, all of the patients operated on 
were thought to have a single brain metastasis 
at the time of craniotomy. Postmortem exam- 
ination, however, identified multiple metas- 
tasis in 2 patients dying during the first month. 
Undoubtedly, computed tomography will help 
the surgeon select patients with a single brain 
metastasis by identifying instances of multiple 
intracranial [12, 18] and extracranial metastasis 
[11]. 

Reports in the neurosurgical literature [2, 5, 
8, 16, 19] have demonstrated improvement in 
the quality and duration of life of patients 
treated with the combined surgical approach. 
Long-term survivors, however, are reported 
only sporadically [2, 10, 17]. 

Radiation therapy appears to have a benefi- 
cial effect on cerebral metastasis from car- 
cinoma of the lung [4, 9]. Our results appear to 
support this conclusion: 5 of our patients sur- 
viving longer than 2 years received radiation 
therapy following resection of the brain metas- 
tasis. 

The findings of this investigation indicate 
that about 50% of patients treated with com- 
bined operation are not improved and die 
shortly after operation. Short-term improve- 
ment occurred in 6 patients (26%) and 5 pa- 
tients (22%) survived longer than 2 years. Three 
patients (13%) are alive and well at 11, 16, and 
17 years following lung and brain operation. 
Carcinoma of the lung with solitary cerebral 
metastasis is not necessarily indicative of a 
hopeless prognosis, and an aggressive surgical 
treatment is justified. 
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CASE REPORTS 


Pulmonary Metastatic 


Chondrosarcoma with Intracardiac Extension 
M. A. H. Gardner, F.R.A.C.S., js H. N. Bett; F. RAL P.. E.G. Stafford, F.R.A.C.S., 


and K. Matar, F.R.A.C.S. 


ABSTRACT An unusual case of pulmonary meta- 
static chondrosarcoma with intracardiac extension 
is presented. Echocardiography and right heart 
catheterization with pulmonary angiography dem- 
onstrated that resection using cardiopulmonary 
bypass was possible in a situation initially consid- 
ered to be inoperable. 


It is now well documented that an aggressive 
surgical approach to pulmonary metastatic 
tumors is justified in selected patients. Resec- 
tion may result in prolonged survival or even 
cure provided that the primary tumor has been 
eradicated and there is no evidence of meta- 
static involvement beyond the lungs [1, 4-7]. 

The following report of a patient with a 
large, single secondary chondrosarcoma of the 
lung demonstrates how cardiac catheterization 
and echocardiography are useful in assessing 
operability in locally extensive lesions and how 
cardiopulmonary bypass may be utilized to ef- 
fect safe removal of tumors with cardiac in- 
volvement. 


The patient, a 28-year-old man, had been diag- 
nosed as having chondrosarcoma of the right 
tibia in 1972 at the age of 23 years. This 
condition was initially treated by local resec- 
tion, but recurrence necessitated above-knee 
amputation several months later. He was fol- 
lowed at regular intervals with serial chest 
roentgenograms but had not been seen for 
eighteen months prior to the admission to be 
described. 

The patient gave a short history of right an- 
terior chest pain. He was otherwise asymp- 
tomatic and had not lost weight. Physical ex- 
amination was unremarkable apart from an 
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augmented first heart sound. No cardiac mur- 
murs were heard. A chest roentgenogram (Fig 
1) showed a large mass occupying the middle 
lobe of the right lung and confluent with the 
border of the right heart. No other pulmonary 
lesions were seen on laminagraphy. The elec- 
trocardiogram showed sinus rhythm and was 
normal. 

Clinically this pulmonary mass was judged to 
be an apparent solitary metastasis from the 
chondrosarcoma removed five years previ- 
ously, and the patient was subjected to a right 
thoracotomy. The large tumor was cartilagen- 
ous in parts and occupied the middle lobe with 
extension into the upper lobe. There was no 
chest wall involvement. The tumor extended 
onto the pericardium anteriorly and over the 
superior pulmonary vein, but the rest of the 
hilus was free. Intrapericardial examination re- 
vealed that the superior pulmonary vein was 
enlarged and solid with tumor, and palpation 
through the right atrium indicated that there 
was extension into the left atrium. The lesion 
was considered to be inoperable and the chest 
was closed. Biopsy confirmed chondrosarcoma. 

On reappraisal, however, it was thought that 
further investigation was indicated to assess 
the intracardiac extension with a view to per- 
forming a resection under cardiopulmonary 
bypass. 

Pulmonary angiography with the use of a 
right heart catheter showed that the right 
Superior pulmonary vein was completely 
occluded and that projecting into the left atrium 
from the occluded vein was a large, cigar- 
shaped mass (Fig 2). The tumor extension ap- 
pearec to be mobile and free from the septum. 
Pulmonary artery pressure was normal. 
Echocardiography (Fig 3) confirmed the pres- 
ence of a large left atrial mass, which prolapsed 
through the mitral valve in diastole. 

Two weeks after the initial operation a sec- 
ond right thoracotomy was performed. The 
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Fig 1. Chest roentgenogram demonstrating a large mass 
in the right lung. 





Fig 2. Pulmonary angiogram showing the venous phase. 
The right inferior pulmonary vein, left ventricle, and 
aorta are outlined by contrast medium. The tumor (T) ts 
seen extending into the left atrium and prolapsing 
through the mitral valve into the left ventricle. 


hilar structures were mobilized with a wide 
pericardial cuff, and cannulas were inserted 
into the ascending aorta and the right atrium. 
The right pulmonary artery and bronchus were 
divided and oversewn, leaving the right lung 
attached only by the superior and inferior pul- 
monary veins. Cardiopulmonary bypass was 
commenced, and under ischemic arrest the left 
atrium was opened through the patent inferior 
vein and the intraatrial tumor extension was 
assessed. The tumor was free of the atrial wall 
and septum and could be removed adequately 
by taking a small cuff of atrium around the 
superior pulmonary vein. The atrium was 
closed directly and cardiopulmonary bypass 
terminated without difficulty. 

The postoperative course was uneventful, 
and the patient was discharged home. The left 
lung was radiologically clear. Histological study 
confirmed chondrosarcoma, and there was no 
evidence of thrombus on the surface of the 
tumor or in the left atrium. 

The patient remained well for ten months. 
Then he was seen with increasing shortness 
of breath and stridor. Chest roentgenogram 
showed the mediastinum displaced to the un- 
involved side, and bronchoscopy revealed right 
lateral tracheal compression, presumably due to 
local recurrence. The patient died several weeks 
later. A postmortem examination was not per- 
formed. 


Comment 

Chondrosarcoma has a propensity to invade 
large vessels, and cases have been reported in 
which the tumor has grown along the inferior 
vena cava into the right heart, as sometimes 
occurs with hypernephroma [3, 4]. Chondrosar- 
coma has also been known to invade the aorta, 
with large tumor emboli occurring [12]. Direct 
growth of a tumor along the pulmonary veins 
into the left atrium is uncommon, and in a re- 
view of the literature up to 1970, Schiller and 
Madge [8] were able to find 16 reported cases; 
11 of these cases were primary bronchogenic 
carcinoma and 5 were primary or secondary 
sarcomas. Recently Boland and co-workers [2] 
described a similar case with extension of a sec- 
ondary chondrosarcoma into the left atrium; 
this particular patient was seen with systemic 
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Fig 3. M-mode echocardiogram showing tumor (arrows) 
prolapsing through the mitral valve (m) in diastole 
(paper speed, 50 mm sec _') and in the left atrium (la) 
behind the aortic root (a). (s = interventricular sep- 
tum.) 


tumor embolization. To our knowledge this is 
the only other reported case of metastatic chon- 
drosarcoma with such intracardiac extension, 
although cases with direct invasion [6] and en- 
docardial metastasis [5] have been described. 
Despite the size of the intracardiac mass and 
its prolapse through the mitral valve, no cardiac 
murmurs were heard in the patient. Only 3 of 
the 16 patients reviewed by Schiller and Madge 
had detectable murmurs. There was no evi- 
dence of systemic embolization, nor were there 
any of the features mimicking atrial myxoma as 
in the case reported by Boland and colleagues. 
At the first thoracotomy it had appeared that 
our patient’s tumor was inoperable, but an- 
giography and echocardiography provided a 
more accurate appraisal of the intracardiac ex- 
tension and demonstrated that removal was 
possible with the assistance of cardiopulmo- 


nary bypass. 
Our patient fulfilled the criteria for resec- 
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tion of a pulmonary metastasis as outlined by 
Mountain [7]: (1) the patient was young with 
healthy lungs and was able to tolerate the 
pneumonectomy required; (2) there was ab- 
sence of metastatic disease beyond the right 
lung; and (3) there was absence of disease at 
the primary site. If these criteria are followed 
closely, five-year survival rates on the order of 
20% can be achieved with secondary sarcoma 
[7, 9-11]. 

The very large size of our patient’s tumor 
suggests that if other metastases had been pres- 
ent, they should have been clinically detect- 
able at this stage, indicating perhaps a better 
prognosis in this man. It is not known whether 
any tertiary seeding has occurred from his large 
intravascular secondary tumor, although there 
was no clinical evidence of tumor embolization. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1979 only, the two parts of the examination 
will be given together. The time and place is 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Surgical Treatment of Infected Right Atrial Myxoma 


William Flynn, M.D., Raul Garcia-Rinaldi, M.D., John O. F. Roehm, Jr., M.D., 


and E. Stanley Crawford, M.D. 


ABSTRACT A successful operation on a patient 
with infected right atrial myxoma is presented. The 
clinical features of cardiac myxoma are discussed, 
with particular emphasis on the relationship of this 
lesion to bacterial endocarditis and the differential 
diagnosis of right atrial myxomas. A careful survey 
for cardiac myxomas should be conducted in patients 
with unusual cardiac disease. A careful search for 
infection in patients with known cardiac myxoma 
may reveal that infection is more common than pre- 
viously recognized. 


Primary cardiac tumors are rare, with an inci- 
dence of less than 1 per 4,000 postmortem ex- 
aminations [10]. Seventy to 80% of primary 
heart tumors are benign, and of these, 30 to 
50% are myxomas [3, 10]. Cardiac tumors are 
found in all chambers of the heart, attached 
to the endocardium or to the heart valves. 
Seventy-five percent of such lesions occur in 
the left atrium, 20% in the right atrium, and 
about 5% in the ventricles [3]. 

Cardiac myxomas often present with an in- 
sidious clinical picture resembling bacterial en- 
docarditis. However, there have been only 4 
cases reported of documented infection in a 
cardiac myxoma [2, 5, 7, 8]; of these 4 cases, all 
were left atrial lesions, and only 1 patient 
underwent resection and survived [7]. The 
other 3 patients died from septic or embolic 
complications of their infected myxomas. 

We now report a patient who survived after 
resection of an infected cardiac myxoma. 


A 60-year-old man was seen with a four- 
month history of nonproductive cough, easy 
fatigability, and increasing exertional dyspnea. 
He had had a chronic unexplained fever since 
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undergoing a prostatectomy eleven months 
previously. He denied hemoptysis, heart dis- 
ease, or hypertension. The patient had under- 
gone an extensive workup to establish the 
etiology of his febrile disorder; however, no 
source was identified. Multiple arterial and ve- 
nous blood cultures, urine cultures, and febrile 
agglutinin titers for unusual infection were 
negative. An echocardiogram was suggestive of 
idiopathic hypertrophic subaortic stenosis, and 
propranolol therapy was started. On this regi- 
men, however, he did not improve. When a 
new and changing holosystolic murmur was 
detected, the patient was readmitted to the 
hospital. 

Physical examination demonstrated marked 
jugular venous distention with a prominent a 
wave. A grade 1/4 systolic murmur was audible 
at the left sternal border. The liver and spleen 
were enlarged. There was no peripheral edema. 

Right heart catheterization showed a tricus- 
pid valvular gradient. Angiocardiography re- 
vealed a large, mobile right atrial tumor (Fig 1). 
Multiple bacterial cultures taken from the right 
atrium revealed extensive growth of Veillonella, 
an anaerobic, gram-negative coccus that is re- 
lated to the Neisseria group and is part of the 
normal flora of the throat and gastrointestinal 
tract [1, 4, 6]. Prior to operation the patient re- 
ceived an intensive course of large doses of 
intravenous penicillin and intramuscular strep- 
tomycin. With this antibiotic course, the pa- 
tient’s fever resolved and he was then oper- 
ated on. 

The cperation was performed through a me- 
dian sternotomy with total cardiopulmonary 
bypass and ischemic arrest (Fig 2). A large 
tumor was resected from the right atrium; the 
tumor was a cardiac myxoma. Serial sections 
revealec no residual organisms, probably due 
to the intensive course of antibiotics adminis- 
tered. 

The patient recovered from the operation 
without complications. Penicillin and strep- 
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Fig 1. Angiocardiograms. (A) Anteroposterior view. 
Note the large radiolucent mass (arrows) in the inferior 
aspect of the right atrium. (B) Oblique view. Note that 
the mass is located in juxtaposition to the orifice of the 
inferior vena cava. 


tomycin were continued for one week post- 
operatively. After antibiotics were discon- 
tinued, the patient remained afebrile. Three 
years postoperatively, the patient continued to 
do well. 


Comment 

Cardiac myxomas can present in many different 
ways. They can produce a picture of vague sys- 
temic illness, with fever, weight loss, arthral- 
gia, anemia, leukocytosis, elevated sedimenta- 
tion rate, and hyperglobulinemia [3, 12]. The 
mechanism responsible for this clinical picture 
has been attributed to occult infection, hemor- 
rhage into the tumor, absorption of tumor de- 
generation products, or possible immune 
mechanisms. The finding of negative blood 
cultures has been emphasized as an important 
feature that distinguishes cardiac myxomas 
from bacterial endocarditis [3, 12]. 

Cardiac myxomas may also manifest by em- 
bolization. Right-sided lesions can present as 
pulmonary emboli, whereas left-sided lesions 
may embolize systemically into any artery. 








Fig 2. Operative procedure, performed through a me- 
dian sternotomy. Due to the location of the tumor at the 
inferior aspect of the right atrium, the inferior vena 
cava was cannulated through the right femoral vein. 
The tumor was pedunculated and did not involve any 
other structures in the right atrium. 
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Pathological analysis of material recovered at 
the time of peripheral embolectomy will occa- 
sionally give the first clue to the diagnosis of 
cardiac myxoma. 

A third mode of presentation of cardiac 
myxomas is by atrioventricular valve obstruc- 
tion [3, 11]. Myxomas can, in this manner, pro- 
duce left- or right-sided heart failure as well as 
symptoms of syncope, dizziness, or convul- 
sions [3]. Such symptoms usually are intermit- 
tent and related to position. Sudden death can 
occur by this mechanism [3, 12]. Myxomas of 
the right side of the heart may mimic tricuspid 
stenosis or insufficiency, constrictive pericar- 
ditis, cor pulmonale, pulmonary emboli, caval 
syndromes, or carcinoid heart disease. 

A less common but well-documented mode 
of presentation of cardiac myxomas is the pro- 
duction of various arrhythmias, including atrio- 
ventricular block, which may produce syncope 
[1]. 

The diagnosis of cardiac myxoma must be 
entertained when cardiac symptoms appear 
suddenly in a previously healthy person [3]. 
The diagnosis should also be suspected in cases 
of “atypical” mitral or tricuspid valve disease, 
especially when the patient has a variable 
murmur. Unexplained pulmonary hyperten- 
sion or hemoptysis, progressive cardiac failure 
without obvious cause, emboli in the absence 
of atrial fibrillation, and fever of unknown 
etiology should all raise the suspicion of cardiac 
myxoma [7]. 

The diagnosis of cardiac myxoma can be es- 
tablished by several techniques. Echocardiog- 
raphy is diagnostic in many cases [10, 12]. A 
diastolic valvular gradient detected at heart 
catheterization is highly suggestive of atrial 
myxoma, particularly if the gradient varies with 
the position of the patient. When myxoma is 
suspected, cardiac catheterization should be ac- 
companied by a forward angiocardiogram [3, 
11, 12]. Actually, the primary diagnostic tool 
should be angiocardiography, with minimal 
manipulation of the catheter through the car- 
diac chambers to avoid embolization due to 
tumor dislodgment [3, 11, 12]. 

Once the diagnosis of cardiac myxoma has 
been made, an operation should be performed 
as soon as possible, particularly if embolization 


has occurred. The risk of further peripheral em- 
bolization or of acute valvular obstruction 
should preclude lengthy medical treatment un- 
less an indication exists, as in our patient [10]. 
An 8% mortality rate has been reported in pa- 
tients who delay operation after the definitive 
diagnosis has been made [12]. 

Total cardiopulmonary bypass is used when 
resecting cardiac myxomas. Recent reports em- 
phasize the necessity of removing tissue from 
the base of the tumor stalk to prevent recur- 
rence [3, 9, 12]. Recurrences at the site of the 
original tumor or elsewhere in the heart as well 
as distant metastases have been reported, illus- 
trating the malignant potential of cardiac myx- 
oma [9]. 

Atrial myxomas must be differentiated from 
subacute bacterial endocarditis. A deliberate 
search for infected cardiac myxomas should be 
carried out in patients with a clinical picture 
suggestive of endocarditis whose systemic 
blood cultures are repeatedly negative. If it is 
suspected that the infected myxoma is on the 
right side of the heart, blood should be drawn 
from the specific chamber since, as our patient 
shows, infected right heart myxomas may be 
present without systemic venous bacteremia. 
For left-sided lesions, it would seem reasonable 
to speculate that culturing of more directly 
“downstream” arterial blood might increase the 
yield; certainly cultures should be taken from 
the left heart chambers themselves if catheteri- 
zation is indicated. 

Infection can be present, and may be hard to 
document, in cardiac myxomas. Aggressive 
search for infection may require specific heart 
chamber catheterization, especially with right- 
sided lesions, as our patient shows. We believe 
that cardiac chamber blood should be cultured 
every time a patient with a cardiac myxoma 
undergoes cardiac catheterization. It would also 
seem reasonable to culture arterial blood that is 
directly downstream in patients with left-sided 
myxomas. We believe adherence to these prin- 
ciples may reveal that infection is much more 
common in cardiac myxoma than has been pre- 
viously reported. 

The satisfactory course of our patient sug- 
gests that in some patients (perhaps those 
without complications such as embolization or 
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valvular obstruction), demonstration of infec- 
tion in a myxoma may justify delay in operative 
therapy until completion of vigorous preopera- 
tive antibiotic therapy. 
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Operative Correction of Total 
Left Anomalous Pulmonary Venous Return 


Thomas A. Ports, M.D., Kevin Turley, M.D., Bruce H. Brundage, M.D., 


and Paul A. Ebert, M.D. 


ABSTRACT The evaluation, surgical repair, and 
follow-up are described in an asymptomatic 27- 
year-old man with unilateral total anomalous pul- 
monary venous return from the left lung through an 
innominate vein and a patent foramen ovale. The 
anomalous vein was divided and anastomosed di- 
rectly to the left atrium using a vascular technique 
that produced an orifice larger than the vein diame- 
ter. Radionuclide scanning accurately identified the 
anomaly before operation and allows periodic 
noninvasive reevaluation after operation. Correction 
is recommended in all patients with unilateral 
anomalous pulmonary venous return because dis- 
ease in the one normal lung could be fatal. 


Anomalous pulmonary venous return of the 
entire left lung is an extremely rare congeni- 
tal anomaly. The reported surgical experience 
with correction of this disorder is limited, and 
reimplantation of the anomalous vein into the 
amputated left atrial appendage is advocated 
[1-7]. This technique, like all venous anas- 
tomoses, is subject to possible stenosis at the 
anastomotic site. In this paper we describe a 
patient with anomalous venous drainage of the 
entire left lung with an intact intraatrial sep- 
tum, corrected by a venoatrial anastomotic 
technique designed to maximize cross-sectional 
area at the anastomotic site and reduce the 
chance of postoperative stenosis. The methods 
for preoperative diagnosis and noninvasive 
follow-up of this rare anomaly are also de- 
scribed. 
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A 27-year-old male chemist was admitted for 
evaluation of a cardiac murmur noted in child- 
hood. When he was 7 years old, he had under- 
gone a nondiagnostic cardiac catheterization to 
evaluate the murmur, and a left-to-right shunt 
was detected. Although from the oxygen data 
there was some confusion about the exact site, 
the shunt was presumed to be from a small 
atrial septal defect. Periodic medical follow-up 
was recommended. Twenty years later the pa- 
tient was asymptomatic, experiencing short- 
ness of breath only with heavy physical exer- 
tion or at high altitudes. He had no history of 
cyanosis. 

Findings at physical examination were un- 
remarkable except for the cardiovascular sys- 
tem. The precordium was normal to palpation. 
The first heart sound was normal. The second 
heart sound had an increased pulmonary com- 
ponent which was widely split but demon- 
strated normal expiratory closure. A grade 2/6 
systolic ejection murmur was audible over the 
right ventricular outflow tract. The electrocar- 
diogram demonstrated a right bundle-branch 
block pattern that had developed since a normal 
tracing done when the patient was 7 years 
old. The chest roentgenogram showed slightly 
increased pulmonary vascularity and a pre- 
dominant shadow on the left mediastinum. The 
echocardiogram demonstrated normal right 
ventricular dimensions and septal motion. A 
radionuclide scintigraphic study using an 
intravenous bolus injection of technetium 99 
demonstrated a left-to-right shunt with a 
pulmonary-to-systemic blood flow ratio (Op/Qs) 
of 2 to 1. The radionuclide angiographic study 
demonstrated early recirculation through what 
appeared to be anomalous venous return from 
the left lung to the left innominate vein. Figure 
1 shows the two-second serial images of the 
radioisotope as it circulated through the heart 
and lungs following an intravenous bolus in- 
jection of technetium 99. 
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Fig 1. Radionuclide angiogram in the anterior projection. 
The two-second sequential frames show the transit of the 
isotope through the superior vena cava and right heart 
(frames 1, 2), and the lungs (frames 3, 4), and its early 
recirculation to the right heart and lungs through an 
anomalous venous connection (arrow, frame 5) from the 
left lung. Compare frame 5 with the cineangiogram (Fig 
2). 


Cardiac catheterization confirmed the left- 
to-right shunt with a Qp/Qs of 2.2 to 1. The oxy- 
gen data placed the shunt at the level of the left 
innominate vein. Right and left heart pressures 
were normal. 

Selective pulmonary angiography demon- 
strated normal venous return to the left atrium 
from the right lung, while the left lung drained 
through an anomalous venous connection to 
the left innominate vein. A frame from the 
selective left pulmonary angiogram illustrates 
the anomalous venous connection from the left 
lung to the left innominate vein (Fig 2). No flow 
of contrast across an atrial septal defect could be 
detected by selective right and left pulmonary 
angiography. 


Surgical Correction 

Explosation through a median sternotomy re- 
vealed the entire left lung to be draining into 
the confluence of veins that emptied through an 
anomalous vertical vein into the left innominate 
vein. The pulmonary venous drainage from the 
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Fig 2. Single frame from levophase of selective left 
pulmonary angiogram. Note the anomalous venous 
drainage of the entire left lung into the left innominate 
vein. Arrows indicate the anomalous venous connec- 
tion. 


right lung was normal. A small patent foramen 
ovale with a flap valve was noted. Utilizing 
bicaval-to-ascending aorta cardiopulmonary 
bypass and electrical fibrillation, the anomalous 
pulmonary vein was ligated at its entrance into 
the left innominate vein and clamped prox- 
imally at the hilum (Fig 3A). The anomalous 
vein was then dissected from the surrounding 
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Fig 3. (A) The relationship of the anomalous venous 
drainage of the left lung and the left atrium (dashed 
line) is demonstrated. (B) The ascending anomalous 
vein is ligated distally at its junction with the left in- 
nominate vein and is incised longitudinally. (C) The 
atrium is incised from the atrial appendage to the region 
of the right pulmonary vein. The anomalous vein is 
then anastomosed to the posterior wall of the left atrium 
with multiple running sutures (X line), creating an 
anastomotic orifice of maximal cross-sectional area. 


tissues and incised longitudinally in such a 
manner as to produce a “cobra head” config- 
uration at its distal end (Fig 3B). The left atrium 
was then incised from the atrial appendage to 
the region of the right pulmonary vein. The 
anomalous left pulmonary vein was then an- 
astomosed to the left atrium using multiple 
running sutures (Fig 3C). The oval-shaped 
anastomotic orifice thus created had a cross- 
sectional area several times that of the anoma- 
lous vein. The patent foramen was closed with a 
single suture. 

The patient’s postoperative course was un- 
eventful, and he was discharged on the tenth 
postoperative day. Postoperative cardiac cath- 
eterization and selective pulmonary angiog- 
raphy showed a patent anastomosis between 





the pulmonary vein and the left atrium with 
adequate flow. The oxygen data excluded a 
left-to-right shunt. A follow-up radionuclide 
shunt study no longer demonstrated the anom- 
alous venous drainage, and the blood from the 
left lung returned to the left atrium. The previ- 
ously demonstrated left-to-right shunt was no 
longer detectable. 


Comment 

Anomalous pulmonary venous return repre- 
sents a relatively rare congenital anomaly, but 
one of considerable anatomical variance [10]. In 
a review of 113 cases, Blake et al [2] described 
twenty-seven specific variations. Anomalous 
pulmonary venous return can be divided into 
two general types: partial and total. Partial 
anomalous pulmonary venous return, most fre- 
quently lobar, is ten times more common on the 
right side than on the left [10]. Unilateral total 
anomalous pulmonary venous drainage from 
either lung is extremely rare. . 

In the presence of an intact atrial septum, 
unilateral total anomalous pulmonary venous 
drainage is of physiological significance be- 
cause only one lung is draining oxygenated 
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blood into the left atrium. If respiratory func- 
tion of the normally draining lung is com- 
promised, a life-threatening situation exists [3]. 
For this reason and to prevent the future com- 
plications associated with large left-to-right 
shunts, surgical correction is recommended. 

The wide anatomical variability of venous 
drainage makes precise preoperative definition 
of such lesions essential in order to plan ade- 
quate surgical therapy. The shunt size should 
be quantitated by cardiac catheterization. 
Selective right and left pulmonary angiography 
is the method of choice for accurately demon- 
strating the venous return and, in patients with 
unilateral total anomalous pulmonary venous 
return, is useful in excluding the presence of an 
atrial septal defect [11]. The recent development 
of radionuclide techniques to detect the pres- 
ence of left-to-right shunting provides a conve- 
nient noninvasive method not only for diag- 
nosis, but also for postoperative follow-up of 
this condition [8]. As in our patient, the 
radionuclide study can reveal the site of the 
shunt itself. 

The surgical correction of anomalous pulmo- 
nary venous return of all types has been limited 
by technical problems of stenosis at the site of 
the venous anastomosis. Previously reports of 
surgical correction of unilateral total left anom- 
alous pulmonary veins recommended anas- 
tomosing the divided end of the anomalous 
vein to the amputated stump of the left atrial 
appendage [1-7]. Such a procedure may be 
subject to subsequent stenosis since the cross- 
sectional area of the anastomosis is equal to that 
of the vein proper at the time of initial anas- 
tomosis. : 

Surgical experience with the correction of 


‘total anomalous venous return has demon- 


strated the necessity of producing venous 
anastomoses of maximal cross-sectional area 
during the initial procedure to prevent venous 
obstruction [9, 12]. We believe this result can be 
achieved in the total unilateral anomaly by ve- 


nous reconstruction utilizing the anastomotic 
technique described. 
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Repair of Divided Anomalous Anterior 
Descending Coronary Artery in Tetralogy of Fallot 


Carolyn Wine Shaffer, M.D., William Berman, Jr., M.D., 


and John A. Waldhausen, M.D. 


ABSTRACT Coronary artery anomalies in tetralogy 
of Fallot have often compromised surgical repair and 
imposed an increased mortality rate. Thus accidental 
division of the anterior descending coronary artery 
crossing the right outflow tract has previously usu- 
ally resulted in death. The case is presented of a 
13-year-old boy with tetralogy of Fallot in whom the 
anomalous left anterior descending coronary artery 
was divided. The blood supply to the left anterior 
descending artery was successfully restored using a 
reversed saphenous vein graft. 


The existence of anomalous coronary arteries 
associated with tetralogy of Fallot is well docu- 
mented [6, 7, 17, 23] and occurs in from 4 to 7% 
of patients with this tetralogy [2, 4, 8, 18, 19]. 
The most frequent and surgically significant 
alteration is an anterior descending coronary 
artery that arises from the right coronary artery 
and crosses the right ventricular outflow tract 
[2, 8, 17, 19]. The results of injury to this an- 
terior descending coronary artery are ade- 
quately detailed by numerous reports [1, 2, 9, 
10, 12, 14, 16, 22, 26]. Discovery of the anomaly 
usually occurs at the time of operation [2, 10, 
24-26]. Postmortem studies have shown that 
the anomalous artery is frequently buried in the 
myocardium [21]. Division of an intramyocar- 
dial anterior descending coronary artery may 
occur inadvertently or during attempts to en- 
large the outflow tract of the right ventricle by 
a patch graft. Blood flow to the distal coronary 
artery may be restored as discussed in this re- 
port. 


A 13-year-old boy was admitted for evaluation 
of recurrent cyanotic spells. When he was 4 
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years old, he had undergone a right Blalock- 
Taussig anastomosis for tetralogy of Fallot. He 
was now admitted for further evaluation. 

Blood pressure on admission was 110/66 mm 
Hg, with a pulse of 92 beats per minute and a 
weight of 26.5 kg. The patient was mildly cya- 
notic on admission. A well-healed right lateral 
thoracotomy scar was present. Cardiac ex- 
amination revealed a pulmonary thrill. The sec- 
ond sound was single. A grade 4/6 systolic ejec- 
tion murmur was noted along the upper left 
sternal border and was widely transmitted. A 
soft, short, early diastolic murmur was also 
heard. Electrocardiogram demonstrated right 
ventricular hypertrophy. Hematocrit at the time 
of admission was 42.4%. 

Cardiac catheterization revealed a function- 
ing Blalock-Taussig anastomosis. The aorta was 
normally positioned with a left arch. A ven- 
tricular septal defect and infundibular pulmo- 
nary stenosis were noted. Right ventricular 
systolic pressures were equal to systemic Sys- 
tolic pressures. The pulmonary artery pressure 
was 15/10 mm Hg. The coronary arteries were 
not well visualized. Elective repair was ad- 
vised. 

Cardiopulmonary bypass was instituted be- 
fore ligation of the Blalock-Taussig anas- 
tomosis. Myocardial protection was achieved 
with a 14°C potassium cardioplegic solution 
infused into the aortic root while body temper- 
ature was maintained at 28°C. A right vertical 
ventriculotomy was performed in the hypo- 
plastic infundibulum. The cut ends of a large 
coronary artery were seen in the myocardial 
wall. A probe was placed in the vessel and its 
course was traced across the right outflow tract 
and into the interventricular groove. The artery 
was identified as an aberrant anterior de- 
scending coronary artery from the right coro- 
nary artery. 

Resection of the parietal and septal bonds of 
the crista supraventricularis was completed, 
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The intramyocardial anomalous left anterior descending 
coronary artery has been divided during a longitudinal 
ventriculotomy. Blood flow to the coronary artery is re- 
stored using a saphenous vein graft. The right ven- 
tricular outflow tract is enlarged with a pericardial 
patch. 


and the ventricular septal defect was closed 
with a Dacron patch. The pulmonary artery and 
annulus were of adequate size. Before closure of 
the ventriculotomy, a probe was placed in the 
distal anterior descending coronary artery. The 
artery was incised in the interventricular 
groove. Both free ends of the coronary artery in 
the ventriculotomy were then ligated with 5-0 
Tevdek suture. 

A short segment of saphenous vein was har- 
vested from the right groin. An end-to-side 
anastomosis of proximal vein to coronary artery 
was performed (Figure). During the rewarming 
period, the proximal anastomosis of distal vein 
to ascending aorta was completed. The right 
ventricular outflow tract was widened with a 
pericardial patch. Cardiopulmonary bypass 
was then discontinued without difficulty. The 
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right ventricular peak systolic pressure was 50% 
of systemic peak systolic pressure. The post- 
operative course was uneventful. The patient 
did well, and eight months following operation 
cardiac catheterization showed a patent, mod- 
erately dilated aortocoronary bypass graft. 
There was no residual intracardiac shunt and 
the. right ventricular pressure was normal. 
There was no pressure gradient across the right 
ventricular outflow tract. Left ventricular end- 
diastolic pressures and ejection indices were 
normal. 


Comment ; 

Several different methods of dealing with an 
anomalous anterior descending coronary artery 
that crosses the right ventricular outflow tract 
have been described. Mobilization of the aber- 
rant artery with placement of the outflow patch 
beneath-the artery has been reported [3]. Trans- 
aortic closure of the ventricular septal defect 
may be performed if an outflow patch is not 
necessary to enlarge the right ventricular out- 
flow tract [4, 5, 22, 23]. A transverse ven- 
triculotomy is used as a routine technique by 
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several authors [11, 12, 15, 22]; however, this 
procedure alone may result in insufficient relief 
of the pulmonary obstruction. A second ven- 
triculotomy at or near the pulmonary annulus 
may be performed if the transverse ven- 
triculotomy is inadequate [2]. Right ventricular 
conduits, with and without valves, have also 
been utilized successfully to prevent injury to 
the anomalous artery traversing the infun- 
dibulum [2, 4, 18, 22]. 

Some of these procedures are of value when 
the aberrant anterior descending coronary ar- 
tery is identifiable. However, intramyocardial 
location of the anomalous artery or adhesions 
from previous operation may obscure its pres- 
ence [21]. Pathological studies of tetralogy of 
Fallot suggest that coronary anomalies are more 
frequent with dextroposition of the aorta [19- 
21]. Marked aortic overriding should perhaps 
alert one to the possibility of anomalous coro- 
nary artery; however, our patient had normal 
position of the aorta. The value of coronary ar- 
teriography in defining the anatomy is obvi- 
ous. 

Aortocoronary bypass grafting is an alterna- 
tive method for restoring flow in an anomalous 
coronary artery injured inadvertently at opera- 
tion. Berry and McGoon [2] outlined the dif- 
ficulties with anomalous coronary arteries in 
tetralogy of Fallot. Five of 8 patients died of 
myocardial infarction as a result of division of 
the anomalous coronary artery. No attempt was 
made to repair the aberrant artery in 4 of these 
patients. Reanastomosis was attempted unsuc- 
cessfully in the other patient. The surviving 
patient was an adult who underwent aor- 
tocoronary bypass grafting with autologous 
saphenous vein. That instance represents the 
only other recorded use of this technique to re- 
store flow in the divided anomalous coronary 
artery. 

Aortography with visualization of the coro- 
nary arteries in patients with tetralogy of Fallot 
should be performed whenever possible. This 
becomes particularly necessary in patients who 
have had previous operation and in small in- 
fants in whom total correction of tetralogy of 
Fallot is contemplated. The various procedures 
which have been described previously may be 
used to prevent injuries to the anomalous coro- 
nary artery crossing in the infundibulum. 


Whenever possible, deliberate division of the 
aberrant artery should be avoided. However, as 
with our patient, inadvertent injury to the 
anomalous coronary artery may occur. Fur- 
thermore, division and insertion of a patch 
graft in the infundibulum may be required to 
obtain an adequate repair. Restoration of coro- 
nary blood flow can be achieved successfully by 
aortocoronary bypass grafting using autologous 
saphenous vein. 
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Aneurysmal Bone Cyst of the Sternum 


Youichi Ishinada, M.D., Hiroo Yabe, M.D., Eiji Ogoshi, M.D., 
Kuni Nishikawa, M.D., and Hisami Iri, M.D. 


ABSTRACT A very rare case of aneurysmal bone 
cyst of the sternum is described. Aneurysmal bone 
cyst is a tumorlike bone lesion occurring commonly 
in the metaphysis of long bones and in the vertebrae. 
This report is one of the very few cases in the litera- 
ture of aneurysmal bone cyst of the sternum. Total 
resection of the tumor and reconstruction of the ster- 
nal defect using autogenous fibula are presented. 


Primary tumors of the sternum are rare, and 
most are malignant [10, 14, 15]. Benign tumors 
of the sternum are extremely rare. A few cases 
have been reported as chondroma, giant cell 
tumor [8, 18], eosinophilic granuloma [13, 17, 
19], and chondromyxoid fibroma [1, 19]. Only 
two cases of aneurysmal bone cyst in the ster- 
num have been described. This report docu- 
ments another such cyst. 


A 26-year-old housewife was seen on August 
11, 1976, because of pains and swelling in the 
sternal region. For approximately three years 
she had experienced slight pain when elevating 
her arm, coughing, or sneezing. In May, 1976, 
the pain was aggravated after she was struck on 
the anterior chest wall by the head of her child. 
At that time the swelling, which had been 
minimal, increased markedly but the overlying 
skin remained normal in color. 

Physical examination revealed a tender and 
nonpulsatile mass approximately 9 by 5 cm over 
the body of the sternum. On palpation, the 
mass appeared to be covered only by a thin 
shell of bone. 

Laboratory studies were all within normal 
limits, including serum alkaline phosphatase. 
Roentgenograms of the sternum and a tomo- 
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gram showed an osteolytic disease destroying 
and markedly expanding the body of the ster- 
num with a paper-thin shell of new bone for- 
mation both anteriorly and posteriorly. The 
lowest part of the body appeared to be normal 
(Fig 1A, 1B). Selective internal mammary an- 
giography revealed some radiopacity corre- 
sponding to the lesion (Fig 1C). Contrast 
medium injected directly into the lesion col- 
lected in the cystic cavity, clearly delineating 
the extent of involvement. Draining veins were 
also demonstrated (Fig 2). 

Biopsy of the lesion revealed an extremely 
vascular tumor with a very thin shell of bone. 
Profuse bleeding from the cystic cavity was en- 
countered. The specimen was diagnosed as an 
aneurysmal bone cyst. 

At operation on October 12, 1976, the tumor 
was exposed through a T-shaped skin incision 
and the pectoralis major muscles were dissected 
over the respective sternocostal region. The 
internal mammary arteries were ligated in the 
second and fifth interspaces, and the intercostal 
arteries were also ligated and severed at the lat- 
eral border of the sternum on both sides. The 
tumor was thus isolated from the major blood 
supply. The second to the sixth costal cartilages 
were excised bilaterally at the sternal border, 
and the retrosternal wall was separated from the 
tumor carefully so as not to break the pleura or 
pericardium. At the level of the sixth costoster- 
nal joint, the body of the sternum was cut 
transversely where normal bone tissue was 
found. The manubriosternal joint was dis- 
sected, and the whole tumor was removed. The 
defect thus created, measuring 10.5 by 5 cm, 
was reconstructed with 11 cm of autogenous 
fibula divided lengthwise. The graft spanning 
the manubrium and the rest of the body was 
fixed with wire sutures and was fixed to the 
stumps of the second to fourth costal cartilage 
with nylon sutures (Fig 3). The retrosternal 
space was drained by continuous suction tubes. 
The pectoralis major muscles were sutured to- 
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A 


Fig 1. (A) Lateral roentgenogram of the sternum showing 
an osteolytic disease of the body with a paper-thin shell of 
bone. (B) Lateral tomogram of the sternum showing a 

thin bony shell on most of the body anteroposteriorly 
while the lowest portion remains normal (arrow). 
(Retouched for clarity.) (C) Lateral Mle of a selec- 
tive internal mammary angiogram revea ling diffuse re- 
tention of opaque medium in the involved area and slight 
hypervascularity. 


gether in the midline, and the wound was 
closed in layers. The patient lost about 1,000 ml 
of blood during the operation. 

After operation, no paradoxical movement of 
the chest wall was noted. Suction tubes were 
removed seventy-two hours after the operation 
and yielded about 300 ml. The patient's recov- 
ery was uneventful. She was discharged wear- 
ing a brace on the fifty-seventh postoperative 





day. When last seen, twelve months after oper- 


ation, she was well. A roentgenogram made at 
that time is shown in Figure 4. 

The resected specimen, shaped somewhat 
like the back of a turtle, measured about 9 by 5 
by 3 cm and was covered by a very thin shell of 
bone, which was easily scissored. The cross 
section of the tumor had a single large cystic 
cavity in which the bone marrow was replaced 
by reddish-brown, soft, friable tissue. Micro- 
scopically, the tumor consisted of many large 
blood spaces separated by fibrous trabeculae 
containing multinucleated giant cells. Newly 
formed fine bones rimmed by osteoblasts and 
a few osteoclasts were found at the periphery of 
the tumor adjacent to the periosteum. These 
findings were typical of an aneurysmal bone 
cyst (Fig 5). 
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A B 
Fig 2. (A) Lateral and (B) anteroposterior views of the 
bone cyst of the sternum showing the extent of in- 
volvement and draining veins (arrows). 


Fig 3. The reconstruction. The anterior view is on the 
left and the lateral view on the right. (M = manubrium; 
2nd and 3rd = costal cartilage; BF = bivalved fibula; 
RB = rest of the body; S = step formation.) 





BF 


RB 
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Fig 4. Lateral roentgenogram made twelve months post- 
operatively shows bony union between the graft and the 
sternum both superiorly and inferiorly. 


Comment 
One hundred seven instances of aneurysmal 
bone cyst were recorded in the Bone Tumor Re- 
gistry [11] of the Japanese Orthopaedic Associ- 
ation during the period 1964 through 1975. The 
lesion has been found in various parts of the 
skeleton but is most common in the metaphysis 
of long bones and in the vertebrae (Table 1). 
During the same period, forty-one instances of 
primary bone tumors of the sternum were re- 
ported, but none were aneurysmal bone cysts 
(Table 2). 

Only two cases of aneurysmal bone cyst in 
the sternum have been reported previously in 
the literature [5, 6]. One was not described in 


t, 





Fig 5. (A) Photomicrograph demonstrating typical his- 
tological changes of aneurysmal bone cyst. Large blood 
spaces are separated by fibrous trabeculae containing 
multinucleated giant cells. (B) Photomicrograph of an- 
other part of the tumor showing newly formed bones 
rimmed by osteoblasts. Multinucleated giant cells are 
also visible. (H&E; original magnification: A X100, B 
x200.) 
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Table 1. Aneurysmal Bone Cyst? 


No. of 
ne E es 
Femur 28 
Tibia 20 
Vertebra 19 

Cervical S 

Thoracic 4 

Lumbar 6 

Sacrum 4 
Humerus 10 
Fibula 7 
Rib 4 
Patella 4 
Clavicle 3 
Ilium 3 
Pubis 2 
Hand 2 
Foot 2 
Radius 1 
Ischium 1 
Mandible 1 

Total 107 





“From the Bone Tumor Registry in Japan (1964-1975). 


detail [6]. In the other, the cyst developed in the 
manubrium of the sternum of a 46-year-old 
man and was removed totally. 

Curettage and bone graft [9] is the common 
choice for the treatment of aneurysmal bone 
cyst. Occasionally more radical approaches or 
irradiation [12] may be needed. In our patient, 
however, because of the large size of the tumor, 
the thin bony shell of the cyst anteroposteriorly, 
and the possible bleeding during curettage, en 
bloc resection of the lesion and reconstruction 
of the chest wall were considered necessary. To 
minimize bleeding during the procedure, major 
blood vessels were ligated before dissection. 

Several methods were described in the liter- 
ature for the repair and reconstruction of sternal 
and chest wall defects [2, 7]. Iliac [4, 16], tibial 
[8], or costal [3] grafts have been employed by 
several authors with satisfactory results. We 
chose the autogenous fibula to reconstruct a 
firm, well-supported, and stable chest wall. The 


Table 2. Primary Tumors of the Sternum? 


No. of 

Type Tumors 
Cartilaginous 

Cartilaginous exostosis 7 

Enchondroma 9 

Chondrosarcoma 4 
Osseous 

Osteoma 3 

Osteoid osteoma 1 

Benign osteoblastoma 2 

Osteosarcoma 1 
Fibrous 

Fibrous dysplasia 1 
Uncertain origin 

Giant cell tumor 3 
Marrow origin 

Letter-Swie 1 

Myeloma 3 

Hodgkin 2 
Vascular 

Hemangioma 1 
Other 

Bone cyst 1 
Unclassified 2 

Total 41 





From the Bone Tumor Registry in Japan (1964-1975). 


transplanted bone consolidated with the host 
and apparently served its expected purpose 
twelve months after operation. 
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HOW TO DO IT 


Cannulation of the Left Main 
Pulmonary Artery for Partial Left Heart Bypass 


Stanley Giannelli, Jr., M.D., E. Foster Conklin, M.D., 


and Robert T. Potter, M.D. 


ABSTRACT Cannulation of the left main pulmo- 
nary artery for partial left heart bypass is described. 
We have employed this method successfully in 5 pa- 
tients who underwent resection of aneurysms of the 
descending thoracic aorta. A main advantage is that 
high and consistent rates of venous return are ob- 
tainable. 


We have found cannulation of the left main 
pulmonary artery to be a satisfactory method of 
obtaining venous return for partial left heart 
bypass to facilitate resection of aneurysms of 
the descending thoracic aorta in 5 patients. This 
technique has several advantages over those 
methods employing cannulation of either the 
right or left atrial appendage. Cannulation of 
the right atrium often is difficult from the left 
thoracotomy approach; the left atrial appendage 
may be easily torn during cannulation; and 
with atrial cannulation the catheter is subject to 
shifts in position, causing variations in the rate 
of venous return. By contrast, the left pulmo- 
nary artery is easily accessible for cannulation; 
it is a sturdy structure that retains the purse- 
string suture; and the catheter position is 
stable, assuring steady blood flow. 


Technique 

Before the patient is positioned, a catheter is 
placed in the right radial artery for pressure re- 
cording. 

Through a standard left posterior thora- 
cotomy in the fifth intercostal space, the left 
main pulmonary artery is exposed by incis- 
ing the pericardium anterior and parallel to 
the phrenic nerve. Adventitial tissue is dis- 
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sected free from the artery to allow placement of 
a pursestring suture at the midpoint along the 
course of the artery within the pericardial sac. 
The suture is passed through a rubber tour- 
niquet. A 30F cannula with a side hole proximal 
to the tip is passed into the artery. Application 
of a vascular exclusion clamp facilitates the ma- 
neuver. The tip is advanced into the right main 
pulmonary artery, and the position is fixed by 
securing the pursestring with the tourniquet 
and tying the catheter to the tourniquet (Fig- 
ure). 

Drainage is by gravity to the pump oxy- 
genator. To adjust the rate of venous return, 
we employ a screw clamp placed on the can- 
nula. An alternative approach is to regulate ve- 
nous return with an adjustable clamp on the 
venous return line close to the pump oxy- 
genator. Flow rates in excess of 3 liters per 
minute can be regularly obtained. 

Left atrial pressure is recorded from a catheter 
passed through the appendage. 

Arterial inflow usually is through the left ex- 
ternal iliac artery, while in some instances the 
distal descending thoracic aorta is directly can- 
nulated. 

Perfusion is begun by gradually increasing 
the arterial flow and slowly opening the clamp 
on the venous return line until a rate of 2 to 2.5 
liters per minute is reached. During this period 
the arterial pressure is monitored. If it falls, the 
screw clamp is tightened and the arterial perfu- 
sion rate is increased, thereby transferring 
blood from the extracorporeal circuit to the pa- 
tient. Conversely, an abrupt rise in pressure is 
managed by decreasing both the pump flow 
and atrial pressure. After 1 to 2 minutes of 
stable arterial and left atrial pressures at a flow 
rate of 2 to 2.5 liters per minute, the proximal 
arterial clamp is gradually applied, usually just 
distal to the subclavian artery. If arterial pres- 
sure begins to rise, the screw clamp on the ve- 
nous return line is loosened, thereby removing 
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The tip of the 30F cannula is positioned in the right 
main pulmonary artery. The left atrial pressure record- 
ing catheter is passed through the appendage. 


blood from the body and decreasing the 
amount pumped to the left side. Conversely, if 
pressure is low, the screw clamp is tightened. 
In this fashion, the proximal aortic clamp is 
gradually occluded, and then the distal aortic 
clamp is applied. 

During the subsequent course of partial left 
heart bypass, pressure in the radial artery is 
regulated within the normal range by raising 
and lowering left atrial pressure by adjusting 
the screw clamp on the pulmonary artery can- 
nula. 

After aortic continuity is reestablished, the 
distal aortic clamp is removed to assess the in- 
tegrity of the suture lines. Then the proximal 
clamp is gradually loosened. Often there is a 
transient fall in systemic blood pressure sug- 
gesting that arteriole dilatation had occurred in 
the area perfused by the pump. This is man- 
aged initially by increasing the left atrial pres- 
sure and then, if necessary, by administration 
of |-norepinephrine. The hypotensive episode 
usually is transient, lasting 5 to 6 minutes. 

When normal blood pressure is achieved, 
after discontinuation of the vasoconstricting 
drug, the arterial pump is gradually turned off 
over a 30- to 60-second period, while left atrial 
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pressure is maintained at a constant rate by ap- 
propriate adjustment of the screw clamp. 


Comment 

Nichols and associates [2] reported cannulation 
of the right ventricular outflow tract for venous 
return in 1961, and Shaw [3] described using 
the pulmonary artery to introduce the venous 
catheter into the right ventricle in 1962. Berger 
and Norman [1] commented on pulmonary ar- 
tery cannulation in 1972, and found the method 
ill advised and dangerous because of pulmo- 
nary artery fragility. This has not been true in 
our experience with 5 patients. 

A major advantage of the method is the con- 
sistency of venous return, whereas with atrial 
cannulation the catheter tip frequently becomes 
partially occluded by contact with the chamber 
wall. 
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Endobronchial Balloon Tamponade 
of Hemoptysis in Patients with Cystic Fibrosis 


Robert B. Swersky, M.D., John B. Chang, M.D., 
B. George Wisoff, M.D., and Jack Gorvoy, M.D. 


ABSTRACT The flexible bronchoscope with Fo- 
garty balloon and irrigating catheters is used effec- 
tively to manage and treat hemoptysis in a series of 
patients with cystic fibrosis. This procedure is well 
suited to such patients, who are prone to recurrent 
hemoptysis, and may also be indicated in any inop- 
erable patient with poor cardiopulmonary reserve. 


The management of the patient with hemop- 
tysis has undergone many advances over the 
past several decades. The primary objective is 
prevention of asphyxiation and exsanguination 
while preserving lung tissue. This is accom- 
plished best by establishing the cause of the 
bleeding by localizing the source of the bleed- 
ing and obtaining hemostasis or limited resec- 
tion of lung parenchyma. 

Traditionally, endobronchial control of he- 
moptysis has been obtained with the rigid 
bronchoscope and pledgets soaked in vasocon- 
strictive drugs. Double-lumen Carlens tubes or 
single-lumen tubes wedged into the main 
bronchus have been recommended for isolating 
the bleeding site [1, 5]. Recently, arteriographic 
evaluation and control of hemoptysis have been 
described [2, 9, 14]. The flexible fiberoptic 
bronchoscope gives the surgeon the ability to 
reach the segmental and subsegmental bronchi. 
By using this instrument in combination with 
the Fogarty balloon catheter and Fogarty ir- 
rigating catheter, the patient can be managed 
through the short-term and long-term phases of 
hemoptysis. 


Technique 
Flexible fiberoptic bronchoscopy is performed 
under general anesthesia with a nasotracheal or 
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endotracheal tube, or under topical anesthesia 
pernasally. Lavage and identification of the 
bleeding segment or subsegment is then carried 
out. The distal injector cap on the No. 4 Fogarty 
catheter is then cut away, and the catheter is 
advanced with its wire stylet in place down the 
bronchoscope channel into the segment in- 
volved. The catheter is stabilized with the 
bronchoscopic forceps by grasping the end of 
the wire stylet (Fig 1A). The bronchoscope is 
carefully withdrawn from the patient over the 
forceps, and correct catheter position is checked 
by reintroducing the bronchoscope. The wire 
stylet is removed, and a No. 22 needle and 
three-way stopcock are attached (Fig 1B). The 
balloon is inflated with 0.5 ml of hypaque solu- 
tion to occlude the bronchus. Finally, the 
Fogarty irrigating catheter is positioned along- 
side the balloon catheter in a similar manner. 

The tracheobronchial tree is lavaged thor- 
oughly and is reevaluated for bleeding or re- 
sidual clots. If the patient was intubated, the 
physician carefully removes the endotracheal or 
nasotracheal tube over the two catheters. It may 
be necessary to kink the balloon catheter and 
put a Luer-Lok cap on the No. 22 needle in 
order that the endotracheal tube can slide over 
the catheters (Fig 1C). The Fogarty balloon and 
irrigating catheters are anchored to the nose 
with benzoin and tape, and a roentgenogram is 
made to demonstrate the hypaque-filled bal- 
loon in the occluded bronchus (Fig 2). 

Serial roentgenograms are made to assure 
correct balloon inflation and position. The bal- 
loon is kept inflated for 48 hours and then de- 
flated. For the next 24 to 48 hours the irrigating 
Fogarty catheter is used to instill 2 ml of 
1:100,000 solution of epinephrine every 4 
hours. If hemoptysis has not recurred both 
catheters are removed. The patient is monitored 
carefully and maintained on a regimen of an- 
titussive and antibiotic agents for an additional 
ten to fourteen days. 
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PROTRUDING WIRE STYLET 
IN NO. 4 FOGARTY 


\ 





BRONCHOSCOPIC 
BIOPSY FORCEPS 


A 


3-WAY STOPCOCK AND 3cc 
SYRINGE WITH HYPAQUE 








22 GAUGE NEEDLE 


LUER-LOK CAP 
TO MAINTAIN BALLOON INFLATION 


( Allows Endotracheal 


Tube Removal ) 


Fig 1. (A) Bronchoscopic forceps stabilizes the Fogarty 
catheter with its wire stylet, while the bronchoscope ts 
withdrawn. (B) A 22-gauge needle and a stopcock are 


attached to the catheter for balloon inflation. (C) 
Luer-Lok cap is put on the needle. 





Fig 2. Close-up of the hypaque-filled balloon in the 
tamponade position. 


Results 

This technique has been used for 7 episodes of 
hemoptysis in 4 patients with cystic fibrosis 
who ranged from 18 to 25 years old. One patient 
was a woman, and 3 were men. Three of the 
episodes were acute, and there was massive 
bleeding of 200 ml in less than 1 hour. The other 
4 episodes were protracted with 600 ml of 
bleeding in 48 hours. The bleeding was halted 
successfully in all episodes. Time in the 
operating room ranged from 30 to 90 minutes. 
No complications resulted from the catheter 
placements. One patient did have severe bron- 
chospasm at the time of extubation, with an 
associated bradycardia and cerebral hypoxia. 
The prenasal catheter position was well toler- 
ated, and the patients were eating and walking 
one day after catheter placement. Two of the 
patients had episodes of bleeding, 1 at six 
months and 1 at eight months after operation. 
Catheter tamponade was again performed suc- 
cessfully for hemostasis in both instances. 
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Comment 

The life expectancy of the patient with cystic 
fibrosis has increased as better management of 
pulmonary and gastrointestinal problems has 
evolved. Those patients living to adolescence 
and older are seen with end-stage lung disease, 
secondary to long-term or recurrent pulmonary 
infections. 

In the patient with cystic fibrosis and 
hemoptysis exact isolation and control of the 
bleeding are essential. Measures to control the 
recurrent hemoptysis should be designed to 
preserve whatever lung substance is functional, 
and to avoid or minimize resection. If massive 
hemoptysis continues despite antitussive 
agents, wide-spectrum antibiotics, fluids given 
intravenously, and mild sedation, then endo- 
bronchial tamponade is indicated. The balloon 
tamponade technique for hemoptysis has been 
described previously by Hiebert [6], but only as 
a temporary method before lung resection. 

The patient with severely compromised car- 
diopulmonary reserve, be it from primary car- 
diac disease, long-term obstructive pulmonary 
disease, interstitial lung disease, or cystic fibro- 
sis, cannot tolerate one or more lung resections 
[8, 9]. For this patient, balloon tamponade 
is effective treatment for the acute and recur- 
rent episode. The addition of irrigation with 
vasoactive substances aids in constricting the 
eroded bronchial vessels and allows for 
liquefaction and removal of the clots and mu- 
cous in the blocked segment of bronchial tree. 

Further studies to evaluate the histological 
effects of sustained tamponade on the bronchial 
tree and lung parenchyma distal to the occluded 
bronchus are being evaluated in our labora- 
tories. 
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Device for the Rapid Insertion of a 
Permanent Endocardial Pacing Electrode 
Through the Subclavian Vein: Preliminary Report 


ABSTRACT A technique is described for rapid in- 
troduction of a permanent transvenous pacemaker 
electrode through a subclavian puncture utilizing a 


specially constructed introducer. The technique is ` 


safe and atraumatic and can locate the pacing elec- 
trode within the right atrium in 2 to 4 minutes. 


The preferred method of long-term pacing 
utilizes a transvenous endocardial electrode. 
Primarily, this-procedure is performed using 
the cephalic vein; however, it often becomes 
necessary to resort to the external jugular vein. 
Exposure of the appropriate venous channels 
for the introduction of the electrode can take 
anywhere from 10 to 20 minutes, and some- 
times much longer. In a large percentage of im- 
plantations there is considerable difficulty in 
finding a usable vein, and such difficulty can 
lead to extensive dissection and sometimes to 
traumatic sequelae. 

We thought it desirable to have a rapid and 
atraumatic method to insert the pacing elec- 
trode within the right atrium. Subclavian veins 
have been used for insertion of both temporary 
[3, 4] and permanent [1, 2] electrodes. Friesen 
and associates [1] described 29 patients in 
whom a 9F Desilets-Hoffman minus its metal 
hub was used as an introduction sheath. The 
sheath was excised from the pacemaker elec- 
trode by a pointed scalpel. We also found that a 


subclavian approach is applicable to the rapid. 


insertion of a permanent transvenous electrode 
by means of a specially constructed introducer. 
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Methods and Materials 
The materials employed consist of a standard © 
transvenous unipolar pacemaker electrode and | 
pulse generator. Pacemaker electrodes man- 
ufactured by Arco, American Technology, Cor- 
dis, CPI, Intermedics, Medtronics, and Telec- 
tronics have all been used. The components of -> 
the introducer are shown in Figure 1. 

The patient’s right upper chest is prepared 
and draped as a sterile field. After the adminis- ` 
tration of appropriate local anesthesia, an 18- 
gauge, 9-cm, thin-walled needle is inserted 
immediately inferior to the clavicle at the junc- 
tion of its middle and inner third, with the tip 
of the needle aimed slightly above and behind 
the suprasternal notch (Figs 2, 3). If difficulty is 
encountered in puncturing the subclavian vein, 
the feet are raised or the patient is put in Tren- 
delenburg position to distend the vein. 

When the vein has been punctured, as evi- 
denced by aspiration of venous blood into the 
syringe, the syringe is removed and a 50-cm 
flexible 0.035 guidewire with a J tip is inserted 
through the needle into the subclavian vein, the 
needle then being removed (Fig 4). A No. 11 
blade is utilized to make a 2-cm horizontal skin. 
incision with the guidewire at its center; care 
should be taken to leave 25 to 30 cm of the wire 
exposed (Fig 5). A 16-cm tapered radiopaque 
polyethylene sheath (13F tapering to 8F) with a 
longitudinal slit extending from one end to 
within 2 mm of the tapered end is placed overa 
23-cm 8F Teflon vessel dilator. The vessel dilator 
and the sheath are grasped as one unit and slid 
over the guidewire.* With moderate pressure 
applied to the entire unit, the apparatus is in- 
serted through the subcutaneous tissue and 


"It is extremely important that the vessel dilator and sheath 
be moved as one unit, since there is a tendency to let the 
sheath slide forward over the vessel dilator, penetrating the 
subcutaneous tissue and doing damage to the terminal end ` 
of the sheath. 
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ee standard luer lock 





Fig 1. Details of the introducer. The device for both 
unipolar and bipolar pacemakers will be available from 
Cordis Corporation, Miami, FL, in April, 1979. 
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Fig 2, Ideal point of insertion of the 18-gauge needle. 


into the subclavian vein, leaving approximately 
4 to 6 cm of the sheath and vessel dilator ex- 
posed (Fig 6). The wire and the vessel dilator 
are then removed, leaving the split sheath as a 
conduit into the subclavian vein (Fig 7). To pre- 
vent aspiration of air into this vein, the sur- 
geon’s left thumb is placed over the orifice of 
the sheath until the electrode is inserted. _ 
The unipolar electrode with its stylet in 
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Fig 3. Insertion of the needle. 


place,* having been prelubricated over its initial 
10 cm with a very light coat of sterile lubricant,* 


*Several pacemaker manufacturers have 40- and 45-cm uni- 
polar e&ctrodes. We have found them ideal for this par- 
ticular technique, since they avoid the problem of having to 
place the redundant electrode into the pacemaker pocket. 

tSterile mineral oil has been our lubricant and has worked 
wel] wi:hout any problems. However, sterile Renografin-76 
(diatrizoate meglumine and diatrizoate sodium) works just 
as well as does hypertonic glucose. l 
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Fig 5. Making the incision for the introducer. 
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Fig 6. Insertion of the introducer (vessel dilator and 
sheath) as one unit. 


* is introduced through the sheath into the sub- 
clavian vein (Fig 8). As the electrode approaches 
the terminal narrowing of the sheath, some re- 
sistance will be felt. When it is pushed further, 
this resistance will be relieved as the electrode 
“pops through” the partially severed narrow- 
ing. If resistance is considerable, the position of 
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Fig 7. Removal of the J wire and vessel dilator, leaving 
the sheath in the subclavian vein. 
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Fig 8. Insertion of the prelubricated electrode into the 
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Fig 9. Peeling off the sheath from the electrode. 


the sheath and electrode should be determined 
fluoroscopically. With the electrode in the right 
atrium, the sheath is then pulled back and 
“peeled off” the electrode by separating it along 
its longitudinal split (Fig 9); care should be 
taken not to pull out the electrode while the 
peeling operation is taking place. 


Sheoth 
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At this point the incision is extended hori- 
zontally for a total of 5 to 8 cm while a subcuta- 
neous and prefascial pocket is made with a 
combination of blunt and sharp dissection, 
with care taken to achieve adequate hemo- 
stasis. The electrode is manipulated into the 
right ventricle under fluoroscopic control until a 
satisfactory position is achieved. Threshold and 
R wave sensitivities can be determined and 
further manipulation undertaken as necessary. 

The lead is then sutured in place with a 2-0 
nonabsorbable suture to the underlying fascia 
at the entrance site of the electrode. Great cau- 
tion should be taken to place these initial stay- 
sutures as close as possible to the entrance site, 
since positioning them more laterally in the 
wound could lead to electrode instability. Two 
or three sutures are used at the entrance site; 
additional anchoring sutures around the elec- 
trode are placed at the surgeon’s discretion. 

_An alternative sequence to inserting the 
electrode and making the pocket may be prefer- 
able in some cases. The first step is to make the 
pocket, extending the initial incision from the 
intended point of needle puncture. After the 
pocket is made, then the subclavian electrode is 
introduced near the medial end of the incision 
as described, giving the pocket a chance to 
“dry” while the electrode positioning is taking 
place. 


Results 

Since November, 1977, 74 permanent pace- 
maker implantations by 12 different surgeons 
in three different institutions (Florida Hospital, 
Orlando, FL; St. Thomas’ Hospital, Nashville, 
TN; and Newark Beth Israel Hospital, Newark, 
NJ) have been accomplished using this method. 
There have been only two types of complica- 
tions. Pneumothorax occurred in 2 patients; it 
was less than 20% in each patient and did 
not require treatment. Three patients required 
electrode repositioning, 1 on the first post- 
operative day and another the third postopera- 
tive week. At the time of exploration the elec- 
trodes were well anchored, and both electrode 
displacements appeared to be due to inade- 
quate positioning. The third patient had a right 
ventricle’ that was anatomically inappropriate 
for endocardial pacing. 


As an incidental finding in these patients 
who required electrode repositioning, we have 
found rapid exposure and easy manipulation of 
the electrode to be the rule. 


Comment 

Because of the rapidity with which the elec- 
trode can be inserted into the right atrium, total 
saving of time can be substantial. Primarily for 
this reason, the device has been enthusiasti- 
cally accepted by surgeons doing implants. 

The average time required from the initial 
insertion of local anesthetic to the point that 
the electrode is in place in the right atrium 
has bean in the range of 90 seconds to 7 min- 
utes, the average being 3 to 4 minutes. The 
limiting factor in the procedure tends to be the 
physican’s ability to locate the subclavian vein. 
The more experience the physician has had 
with subclavian puncture, the more rapid is the 
procedure. 

The second major advantage of the proce- 
dure, the relative lack of trauma, was unex- 
pected. We had anticipated that hematoma 
formation might be a problem because of leak- 
age around the catheter insertion site from the 
subclavian vein; in fact, this has not been a 
problem at all. The lack of leakage probably re- 
lates to the fact that the perisubclavian fascia 
that surrounds the electrode in a very snug 
fashion acts to prevent any major blood leak- 
age. In addition, the sheath fits very tightly 
around the vessel dilator, which in turn dilates 
but does not tear the subclavian vein. The tight 
fit be:ween the vessel dilator and sheath and 
between the sheath and the electrode acts to 
keep -he entrance site into the subclavian vein 
as small as possible. This lack of leakage com- 
binec with the minimal dissection involved in 
making the subcutaneous pocket leads to a pro- 
cedure that is practically without trauma. Pa- 
tient discomfort is at a minimum, and often the 
patient can be discharged on the first post- 
operetive day. 

Our single biggest concern was the possibil- 
ity o7 pneumothorax being caused by striking 
the pleural space with the insertion needle. We 
believe a minor breakthrough has been accom- 
plished here, since we have been using an 18- 


ee 
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gauge, thin-walled needle that is far smaller in 
cross-sectional area than the 14-gauge needle 
traditionally used. If the 18-gauge needle strays 
into the pleural space or the subclavian artery, 
it is generally of no consequence. 

Air embolism, hemothorax, brachial plexus 
injury, and subclavian vein thrombosis were 
not encountered. It should again be empha- 
sized that the implanting physician’s familiar- 
ity with subclavian puncture adds significantly 
to the speed and safety of the procedure. 

We have found that this technique, carefully 
applied as outlined here, affords a rapid, safe, 
relatively atraumatic, and reliable methad of 
permanent transvenous electrode placement. It 
bypasses the frequent problem of an inade- 


+ 


quate cephalic vein and the concomitant ex- 
tended dissection required in such cases. 
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COLLECTIVE REVIEW 


Cardiac Pacing 


Nicholas P. D. Smyth, M.D. 


ABSTRACT The basic electrophysiology of tempo- 
rary and permanent cardiac pacing is reviewed, as 
are the indications, the types of pacing ene and 
the methods of implantation. 

Recent developments in power sources and leads 
‘are described. The mercury~zinc battery is now ob- 
‘solete and is being replaced by lithium, recharge- 
able, and isotopic power systems. 


While ventricular pacing continues to be the stan-. 


dard, a brief review of atrial programmed systems is 
given, including atrial pacing and atrioventricular 
synchronized and atrioventricular sequential pacing. 
“Conventional pacing is aimed at the control of 
symptomatic bradycardia. Brief reference is made to 
experimental pacing systems. designed to control 
- ventricular or supraventricular tachyarrhythmias. 


The insertion of a permanent cardiac pacemaker 
is today one of the most commonly performed 
operations on the heart and is certainly the 
most successful form of cardiac operation in- 
volving a prosthesis. A summary of the events 
‘leading to this achievement follows. 

The syndrome of slow pulse and apoplexy. 
was described as early as 1719 by Gerbezius, by 
Morgagni in 1761, by Adams in 1827, and by 
Stokes in 1846. Electrical stimulation of the 
heart to arouse the dead was tried as early as 
1819 by Aldini, and myocardial contraction was 
produced in beheaded criminals by Vassalli a 
few years later. The use of galvanic current was 
suggested by Walshe in 1862 and was used 
clinically by Duchenne in 1870 [38]. 

In 1883 Gaskell postulated the existence of the 
conduction system. In 1893 Kent and His de- 
scribed the conducting bundle. In 1906 .Tawara 
described the atrioventricular (AV) node and 
explained the meaning of the fibers’ already 
named after Purkinje, and the following year 
Keith. and Flack described the sinoatrial (SA) 
node [38]. 
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In 1529 Gould resuscitated a baby by direct 
stimulzzion of the myocardium with a needle 
electrace. In 1942 Butterworth and Poindexter 
described an experimental synchronous pace- 
maker. In 1950 and 1951 Bigelow and associates 
and Calaghan and Bigelow, studying ways to 
increase the rate of the hypothermic heart, de- 
velopea an electrical pacemaker that would in- 
crease che rate in normal hearts. In 1952 Zoll 
restarted the human heart. In 1954 Hopps and 
Bigelowy described transvenous endocardial 
atrial pacing in animals. In 1957 Allen and Lil- 
lehei c2scribed the use of ventricular pacing for 
heart block produced at operation. Furman and 
Robinson described transvenous endocardial 
pacing in 1958, and its clinical use was reported 
a year later by Furman and Schwedel. A com- 
pletely implantable permanent cardiac pace- 
maker was described by Elmquist and Senning 
in 195= and by Chardack and associates in 1960. 
During subsequent years, developments in this 
field save been rapid and wide-ranging, af- 
fectin= every aspect of the medical and surgical 
treatment of heart disease [38]. 


Temporary Pacing 

Temporary pacing of the heart may be re- 
quire= by the cardiologist or the surgeon for a 
variety of reasons. For the surgeon the usual 
one is the occurrence of significant bradycardia 
durir2 a cardiac operation. In addition to the 
long-<stablished indication for placement of 
ventricular myocardial wires after production of 
surgizal heart block, newer indications include 
prov:sion for atrial or ventricular pacing after 
open-heart operation. In patients with acquired 
heart disease, tachyarrhythmia and nodal 
brad; cardia are much more common than heart 
block after open-heart operations and are re- 
lated to a combination of underlying disease, 
surg-cal trauma, and metabolic derangements 


resul-ing from bypass. i 


Tre superiority of atrial pacing over ven- 
tricular pacing in the absence of heart block is 
well documented [38]. Indications for pacing of 
this <ype are not yet clear-cut, but if the post- 
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perfusion cardiac rate or rhythm suggests that 
tachyarrhythmia or low-output syndrome is 
likely to be a problem, provision is made for 
both ventricular and atrial pacing. One or two 
ventricular wires are sutured in the myocar- 
dium of the most convenient ventricle, prefer- 
ably the left, and are brought out through the 
skin in such a way that they can be removed by 
a straight pull in the postoperative period. A 
unipolar or bipolar lead or insulated wires are 
sutured to the right atrium and are brought out 
similarly through the skin. Transvenous atrial 
or ventricular leads may be used later if pro- 
longed pacing becomes necessary, unless the 
operation has included insertion of a prosthetic 
tricuspid valve. Depending on the integrity of 
the AV conduction system, ventricular or atrial 
or even AV synchronized pacing may then be 
used. AV sequential pacing is also possible 
with this system. There is convincing evidence 
that after operation in patients with acquired 
heart disease, preservation of the atrial trans- 
port mechanism offers very notable advantages, 
the maximum benefit being seen in those with 
nodal rhythm [38]. $ 


Electrophysiology of Pacing 
Electrical stimulation of the heart depends on a 


large number of variables. In clinical practice 


these must be measured carefully. The site of 
stimulation and threshold variations during the 
cardiac cycle are of little significance in clinical 
pacing. The state of the myocardium, variations 


in electrolyte concentration, and types of drugs 


taken by the patient may, however, be clinically 


significant. Electrode size, configuration, and 


material are all important. There is a direct 
linear relationship between stimulation thresh- 
old and electrode surface area—the lowest 
threshold, both acute and chronic, being as- 
sociated with the smallest surface area [17]. Of 
the materials commonly in use today, plat- 
inum-iridium has the greatest resistance to 
electrolysis [37],. but Elgiloy is much superior in 
stress resistance [4]. The alloy MP35N is used 
witht increasing frequency. Electrolyte corro- 
sion at the anode, however, limits the use of 
Elgiloy to a unipolar circuit in which the 
stimulating electrode is the cathode [37]. Be- 
cause of greater.current density, corrosion tends 


to be greater if the surface area is smaller. 
An anode or indifferent electrode of large sur- 
face area is used, therefore, in a unipolar cir- 
cuit, especially if the. material is Elgiloy. 

Wire construction follows one of two princi- 
ples, either multistrand linear construction or 
the more satisfactory single-strand coil floating 
free in an outer Silastic cylinder. Later modifi- 
cations include the use of multistrand coils for 
redundancy in the event of wire breakage, and 
the use of a coaxial system for greater resistance 
to electromagnetic interference (EMI). Electrode 
tips may be myocardial, endocardial, or epicar- 
dial. The myocardial electrode, often incorrectly 
called epicardial, is inserted into the substance 
of the heart muscle. The other two are merely in 
contact with its inner or outer surfaces. The 
electrode tip may be formed of the wire itself, as 
in myocardial electrodes of the “cobra head” 
coil variety. Alternatively, the wire may be 
welded to a rounded solid tip or ring, as is 
usual in endocardial electrodes. Smaller 
“thumbtack” or “‘ball-tip” electrodes have been 
used, but there have been sensing problems 
with these very small electrodes. Probably the 
optimal surface area for an electrode is about 12 
mm?” [21]. Impulse waveform and duration are 
important. Pulse widths range from 0.15 to 1.5 
msec. The most efficient stimulation results 
from cathodal (negative) stimulation, whether 
the system is unipolar or bipolar. 

The bipolar system is more convenient in 
temporary endocardial pacing, but in perma- 
nent clinical pacing, it makes little difference 
whether the system is unipolar or bipolar. The 
unipolar system is mandatory when Elgiloy 
wire is used. In permanent pacing, if there is a 
sensing circuit, the bipolar system is less sensi- 
tive to interference from external electrical 
fields since the effect is directly proportionate 
to the area enclosed between the anode and 
cathode acting as antennas. This area is obvi- 
ously much greater in a unipolar system. The 
unipolar system has the advantage, however, of 
better detection of the R wave in demand or in 
R wave-triggered pacemakers. The bipolar 
system has a small margin of safety in that 
pacing failure due to breakage of one wire can 
be circumvented by the conversion of the sys- 
tem to unipolar operation. Wire breakage is 
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rare now, so this advantage is not often 
realized. The spike potential in a unipolar sys- 
tem is much larger on the electrocardiogram or 
oscilloscopic trace, which makes analysis of 
pacemaker function easier. 

Measurement of the intracavitary electrogram 
and the stimulating threshold at the time of 
initial insertion or replacement of a permanent 
pacemaker is extremely important, and will be 
described later. 

In the United States, current thresholds are 
commonly used and are expressed in milliam- 
peres. A more accurate measurement takes all 
factors into account, including voltage and 
pulse width. The microjoule is one millionth of 
the energy expended by a current of 1 amp 
flowing for 1 second through a resistance of 1 
ohm. This energy unit is commonly used in 
Europe. In the United States, energy is more 
commonly measured in watt-seconds. 

Most early studies indicated that thresholds 
rise rapidly within 2 to 4 weeks, reaching a 
peak that may be as much as five to ten times 
greater than the initial acute threshold, and 
then stabilize, often at a slightly lower level, 
with little further change [37]. My experience 
and that of others [6] has been that the rise is 
much less. Chronic thresholds average three 
times the initial value after 1 month and vary 
only a little thereafter. The pulse generator 
output should be matched to the available 
stimulating threshold [38]. A safety factor of 
3:1 to 5:1 should be available, based on ex- 
pected chronic thresholds [37]. Excessive rise in 
threshold values occurs with infection or fibro- 
sis from any cause, and the resultant loss of 
pacing has been termed exit block [34]. With 
improvements in electrode design, this phe- 
nomenon of exit block is rarely seen today. 


Permanent Pacing 
Indications 
Complete heart block with Stokes-Adams syn- 
drome was initially the prime indication for 
permanent cardiac pacing. In recent years, 
symptomatic bradycardias of other types have 
come to provide more frequent indications for 
permanent cardiac pacing. 

Complete heart block may be congenital or 
acquired. Congenital complete heart block may 


exist as an isolated defect or in association with 
a variet? of other defects [25]. It is frequently 
stated that in patients with acquired complete 
heart black, coronary artery disease is the main 
cause, counting for 40 [33] to 70% [35] of 
all cases. This view has been questioned, how- 
ever, and coronary angiography, both post- 
mortem _12] and in the living patient [3], sug- 
gests that it is in error. At least 50% of cases are 
primary (Lev’s disease) in that the essential le- 
sion is -_brosis of some part of the conduction 
system without other significant cardiac dis- 
ease [57]. Less common causes of complete 
heart block are valve disease with calcification 
involvirg the conduction system, myocarditis, 
endocarditis, rheumatoid arthritis, diphtheria, 
syphilis diabetes, and Chagas’ disease. Heart 
block ir association with myocardial infarction 
is usually temporary. Permanent block occurs 
in about 5% of patients [37]. Surgical heart 
block fellows ischemia or direct trauma at the 
time of surgical correction of congenital or ac- 
quired disease. It is usually temporary, but in 
about 25% of patients it is permanent [37]. 
There is general agreement that one Stokes- 
Adams attack is a clear indication for perma- 
nent pacing. Other generally accepted indica- 
tions are complete heart block with either 
symptcmatic bradycardia or intractable heart 
failure. Heart block and slow rate without 
symptoms remain borderline indications for 
permanent pacing, but they are recognized by 
some fhysicians and will be more readily ac- 
cepted by others as the reliability of pacing 
systems continues to improve. At rates of 35 
beats per minute and less, the limit of compen- 
satory increase in stroke volume is reached, and 
norma. cardiac output cannot be maintained. 
The symptoms in all cases are caused by re- 
duced cardiac output, of which the most 
dramazic manifestations are those due to cere- 
bral isxshemia. The precipitating cause may be 
profound bradycardia, cardiac arrest, or ven- 
tricular tachyarrhythmia. Untreated, the dis- 
ease cerries a 50% mortality in the first year 
[13]. Crug therapy has not been reliable,* and 
permanent pacing has become the treatment of 
choice. Congenital heart block is usually asso- 
ciated with a faster rate and is better tolerated 
than the acquired variety. If symptoms occur, 


“—™ 
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however, permanent pacing should be insti- 
tuted regardless of the patient’s age. 

Surgically induced heart block is caused by 
sutures placed in the vicinity of the AV node or 
bundle, either during closure of a septal defect 
or, more common now, after insertion of a 
prosthetic aortic valve. It is the least well toler- 
ated of all forms of heart block and causes the 
highest mortality. If it persists or becomes in- 
termittent after 1 to 3 weeks, permanent pacing 
should be instituted. 

Recent refinements in pulse generator circuit 
design have extended the scope of permanent 
pacing to symptomatic bradycardia without 
permanent AV heart block. This category in- 
cludes sinus bradycardia, tachycardia-brady- 
cardia syndrome (sick sinus syndrome), in- 
termittent or varying heart block, and atrial 
arrhythmias with varying conduction and in- 
termittent or persistent bradycardia. In my ex- 
perience, patients in these groups now out- 
number those with symptomatic bradycardia 
caused by permanent AV heart block. 


Methods of Impulse Transmission 

External Pulse Generator 

The most complex and least durable part of any 
permanent pacemaker system has long been the 
pulse generator. There are obvious advantages 
in keeping this unit external and accessible if 
possible: batteries can be changed readily; the 
pacing rate can be varied easily, by the patient 
himself if desired; and after the initial opera- 
tion to insert the electrode system, reoperation 
is rarely needed. Two methods have been de- 
vised to transmit impulses without wires from 
the external pulse generator to the unit im- 
planted in the body: radio-frequency pacing 
and induction-coupled pacing [38]. 

Patients have found the external pulse 
generator units somewhat cumbersome. Fur- 
thermore, both types of external pacemakers are 
limited to fixed-rate pacing and do not allow for 
AV synchronous, triggered, or demand pacing. 
As a result, two systems are not favored, in 
general, for ventricular pacing. 


Totally Implanted Pacemaker 
The most widely accepted system for perma- 
nent pacemaking is the totally implantable unit. 


It contains two parts: the lead and the pulse 
generator. The lead, consisting of an electrode 
or electrodes, and an insulated conductor or 
conductors to the pulse generator, has already 
been described. The pulse generator until re- 
cently has been conventionally powered by a 
battery of three to six 1.35 v mercury-zinc cells. 
Transistorized circuitry of varying complexity 
is potted in epoxy with the batteries, some- 
times covered with Silastic or a titanium or 
stainless steel can. Energy output in different 
units ranges from 10 to 150 uJ, depending on 
pulse width, impedance, and rate. Other out- 
put elements are 2.5 to 7.5 v and 3.5 to 15 ma, 
with a pulse duration range of 0.15 to 1.5 msec. 
The pulse generator weighs between 60 and 140 
gm. The in vivo life expectancy is 36 to 48 
months, depending on the complexity of the 
circuitry. Newer batteries are now available, 
which will be described later. 


Fixed-Rate Pacemaker 

The first permanent pacemaker was the fixed- 
rate unit [10]. It is now infrequently used. The 
limited response of the fixed-rate asynchronous 
pacemaker to increased demand and the risk, 
however small, of ventricular fibrillation in 
parasystole led to the development of more 
sophisticated pulse generator circuitry [38]. 


AV Synchronous Pacemaker 

(AV Synchronized Pacemaker) 

The AV synchronous or P wave-triggered 
ventricular pacemaker* overcomes both these! 
deficiencies of the asynchronous fixed-rate 
pacemaker [27, 49]. The AV synchronous unit 
requires an extra electrode, which is attached to 
the atrium. It detects P waves of 1 mv or more,’ 
programs an electronic AV delay of 120 msec, 
and fires a synchronized stimulating impulse 
that is effective after a total electronic and 
physiological delay of 180 msec. This pace- 
maker has a basic fixed rate of 60 beats per 
minute, which operates if the P wave is not 
detected, if its rate is too slow, or if atrial flutter 
or fibrillation occurs. When a P wave at satis- 


*Cordis Corporation, Miami, FL; Elema-Schonander, Swe- 
den; Biotronik, Berlin, Germany. 
tSpecial units sensitive to 0.5 mv are available. 
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factory rate is detected, the pacemaker increases 
‘its rate in response to increased physiological 
requirements up to 120 beats per minute, at 
which point it introduces a 2:1 block; at 180 
beats per minute it introduces a 3:1 block; and 
so on.* AV synchronous pacing provides the 
advantages of increased rate in response to in- 
creased demand, no parasystole in sinus 
rhythm, and the hemodynamic advantage of 
the “atrial kick” [36]. These advantages must be 
balanced against the greater cost and complex- 
ity of this unit, the shorter life of its batteries, 
-and, in current units, the risk of competitive 
pacing during spontaneous or ectopic ven- 
tricular activity. 

As the indications for permanent pacemak- 
ing were extended to include symptomatic 
bradycardia without permanent heart block, 
the need to avoid competitive pacing became 
greater. In most cases of bradycardia the sinus 
mechanism is either inadequate or too slow; 
thus, P wave-triggered pacing is not the an- 
swer. To meet this need, the R wave-pro- 
grammed demand pacemaker was developed. 


Demand Pacemaker 
(Noncompetitive Pacemaker) 
The demand pacemaker uses one ventricular 
electrode that serves a dual role, conducting 
both sensing and stimulating impulses. The 
pulse generator monitors heart rate by selective 
recognition of the R wave and, in the presence 
of bradycardia, supplies additional beats as 
needed to give a satisfactory rate [19, 32, 41]. 
There are two types of demand or standby 
pacemakers., Both monitor the’ R wave. The 
first, which i is the true “demand” pacemaker, i is 
an R wave-inhibited type. Ventricular (R wave) 
activity inhibits this pulse generator, which 
stimulates only if the R-R interval exceeds a 
preset limit [19]. The second type is sometimes 
called the R wave—synchronous or R wave- 
triggered pacemaker [31]. This unit is a mod- 
ified AV synchronous pacemaker. It is triggered 
by the R wave and immediately fires a syn- 
chronized: zero-delay impulse into the QRS 
complex. If the R-R interval exceeds 0.86 sec- 
ond, the unit fires asynchronously at a fixed 


“Different basic rates are now available in the program- 
mable “Omnicor” series (Cordis). 


Three-L=tter Identification Code 


ist Lette- 2nd Letter 3rd Letter 
Chamber Chamber Mode of 
Paced Sensed Response 
V—Vent-cle I~Inhibited 
A~Atrinn T—Triggered 


D-Double Chamber O-Not applicable 
First letter: The paced chamber is identified by V for 
ventricle. A for atrium, or D for double—both atrium 
and ventrice. 


Second ‘ttez: The sensed chamber, if either, is again 
V for ventricle, A for atrium. 


Third lefter: The mode of response, if any, is either: 
I for inkibited, a pacemaker whose output is 
blocke= by a sensed signal, or 
T for triggered, a unit whose output is discharged 
by a sensed signal. 


The letter ~“O” indicates that a specific comment is 
not appEcable. 





(From Pecemaker Study Group, Implantable Cardiac Pace- 
makers £-atts Report and Resource Guideline [a report of 
the Inter-Sodety Commission for Heart Disease Resources], 
Circulatizn 50:A-21, 1974; reprinted by permission of the 
Americar Heart Association, Inc.) 


rate of 70 beats per minute. If the R-R interval is 
less than 0.86 second, the unit follows syn- 
chroncushy. 

Witz the increasing complexity of pulse 
generator pacing modes and the profusion of 
trade names describing the same function, 
there was a clear need for a simple letter-coded 
generic terminology. This should describe 
functicn dearly and concisely. Such a code was 
publistec in a report of the Inter-Society 
Commuss-on for Heart Disease Resources in 
1974 [29] Table). Its nomenclature will be used 
from row on to describe pacing modes. 

Some physicians prefer the VVT (triggered) 
pacemaker because it cannot be inhibited by 
EMI. However, better shielding has largely 
eliminated the EMI problem, and there are ad- 
vantag2s to the VVI (inhibited) pacer. There is 
no distor-ion of the ECG trace when the patient 
is in conduction; changes owing to myocardial 
infarct-or can thus be easily seen. Furthermore, 
if the petient is frequently in normal ‘sinus - 
rhythm with pacer inhibition, the life expec- ` 
tancy of -his type of pulse generator should be 


‘better than that of the VVT unit. 


In tze VVI and VVT pacemakers, a magnetic 


ro 
r? 
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switch in the pulse generator may be activated 
by external application of a magnet, blocking 
the amplifier in the synchronizing circuit. The 
pacer then reverts to an asynchronous mode at 
its basic rate of 70 beats per minute, or a faster 
or slower rate. Competitive pacing will result, 
demonstrating capture if present [31, 42]. 
Changes in rate and output by external coded 
electromagnetic signals are possible ir. some 
units.* 

At present, the demand pacemaker is indi- 
cated in patients with symptomatic sinus bra- 
dycardia, tachycardia-bradycardia syndrome, 
symptomatic intermittent heart block, and 
atrial arrhythmia with varying conc.uction 
and Stokes-Adams syndrome. Since the de- 
mand pacemaker functions in all types of 
symptomatic bradycardia and the danger, how- 
ever small, of competitive pacing is eliminated, 
most authors have advocated its use in all pa- 
tients who require permanent pacing. 


Operative Techniques 

Transthoracic 

All pacemakers may be inserted through a left 
anterior thoracotomy in the fourth or fifth inter- 
costal space. A left posterolateral thoracotomy 
provides better exposure for attaching the atrial 
lead when an AV synchronized pacer is in- 
serted [18]. Preliminary insertion of a tempo- 
rary pacing lead through the femoral vein 
Or an arm vein for prophylactic pacing is an 
important safeguard during operation. The 
myocardial electrodes are inserted into the 
myocardium and are sutured in place at any 
convenient location on the anterolateral wall of 
the left ventricle. At first when this operation 
was performed, wires were then brought down 
to the upper abdomen where they were con- 
nected to the pulse generator buried in a sub- 
cutaneous or subfascial pocket in the upper 
abdominal wall. This technique has been aban- 


‘doned because of frequent friction from cloth- 


ing at the belt line and wire breakage at the 
stress point of the junction of the mobile ab- 
dontinal wall with the fixed thoracic cage. The 


"Omnicor series, Cordis Corporation, Miami. FL; 
Xytron-RA series, Medtronic, Inc., Minneapolis, MI 


‘pulse generator is now located superficially in 


the left anterior chest wall. 


Transvenous l 

The need for permanent pacing in a few pa- 
tients with persistent postinfarction heart block 
and the realization that thoracotomy carried 
with it a notable morbidity and mortality in 
older persons prompted the development of the 
transvenous system. The system was developed 
initially for temporary pacing and later was 
combined with external pulse generators for 
long-term pacing. The latter method showed 
unsatisfactory results because of the inevitabil- 
ity of infection [20, 23, 37]. 

The transvenous technique became firmly 
established with the development of suitable 
permanent pacing leads that allowed the sys- 
tem to be completely implanted [9, 23]. Sub- 
sequently the transvenous approach largely re- 
placed the transthoracic technique (myocardial 
electrodes implanted at thoracotomy) and has 
become the method of choice except in very 
young patients. 

Prior to implantation, it is our practice to have 
a temporary pacemaker inserted by a car- 
diologist before the operation if the patient’s 
rate is slow. The femoral vein is preferred be- 
cause all the shoulder and neck veins are then 
available for the permanent system. If the 
rhythm and rate are satisfactory, no temporary 
pacemaker is used. 

The pacemaker is inserted usually on the 
right side unless the patient’s occupation makes 
it desirable to use the left side. The operation is 
performed with the patient under local anes- 
thesia except in the rare instance when the pa- 
tient either refuses this method or is considered 
unable to cooperate because of temperament, 
age, or mental confusion. The procedure is 
done in a cardiac catheterization laboratory, an 
x-ray special procedures room, or an operating 
room, each of which must be suitably.equipped 
with fluoroscopic units with image intensifiers 
and television viewing screens. 

The cephalic vein is the first choice. If it 
proves to be too small, thrombosed, or absent, 
the external jugular vein is used. If for any rea- 
son the external jugular vein cannot be used, 
the sternomastoid muscle is split between its 
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sternal and clavicular heads and the internal 
jugular vein is used. Under fluoroscopic control 
the lead is inserted into the right atrium. With 
experience, it is usually possible to introduce 
the lead into the right ventricle with a direct 
“forward pass.” If there is any question about 
the position of the lead, it should be advanced 
into either the right or left pulmonary artery to 
avoid its possible insertion (in error) into the 
coronary sinus or a cardiac vein. If there is any 
doubt, the lead may be inserted by a “backward 
pass.” This is done by hooking the electrode on 
the lateral wall of the atrium, forming a loop, 
and then flipping the tip of the lead into the 
right ventricle by rotating the lead. This ma- 
neuver avoids the possibility of entering the 
coronary sinus. The lead is positioned at the 
apex of the right ventricle. 

With the transvenous method of permanent 
pacemaker insertion, the measurement of myo- 
cardial potentials and pacing thresholds is 
mandatory since these are essential indices of 
the adequacy of the position of the electrode. 
Since the electrode is positioned by remote 
control in the interior of the right ventricle, the 
efficacy of contact between the electrode and 
the endocardium must be determined by these 
electrical measurements. 

It is our practice, after a satisfactory position 
has been obtained fluoroscopically, to record a 
unipolar intracavitary electrogram from the 
cathode in the pacing system when it is unipo- 
lar and from both electrodes with the tip as 
cathode when it is bipolar, if the intrinsic 
rhythm and rate permit. This is done by two 
methods. In one, the lead cathode is connected 
to the V lead of an ECG and a tracing is made of 
the intracavitary electrogram. For more accurate 
detail, involving specifically the slew rate (rate 
of voltage change of the intracavitary R wave), 
an optical system such as an Electronics for 
Medicine or Tektronix oscilloscope is better. 


For routine practice a standard ECG machine is. 


adequate. The tracing of the intracavitary R 
wave is made and calibrated. In addition, the 
tracing is examined for evidence of a good S-T 
segment shift, which is indicative of a current 
of injury and thus good contact with the en- 
docardium. The slew rate is also examined. 
Ideally this should be at least 0.5 v per second 


[15]. The amplitude of the R wave should be in 
excess of 4 mv fora pulse generator of standard 
sensitivity. Another feature that is looked for is 
stability in the amplitude and configuration of 
the R wave. If the R wave is of satisfactory am- 
plitude, has a rapid slew rate and a good S-T 
segment shift, and is consistent in amplitude 
and configuration, it can be assumed that the 
electrode is in good contact with the endocar- 
dium. In the other method, a pacing system 
analyzer is used for unipolar or bipolar record- 
ings. This gives the amplitude of the R wave in 
millivolts but no information on its shape. 

The next step is to determine the stimulating 
thresholds or pacing thresholds. These should 
be measured in either milliamperes or volts 
depending on the circuit design of the pulse 
generator to be used. Preferably both milliam- 
perage and voltage should be measured. As a 
minimum, the measurements must be made at 
the pulse width of the permanent pulse gen- 
erator to be inserted. 

A variety of instruments are available that 
allow easy measurement of stimulation and 
pacing thresholds in both current and voltage at 
a variety of pulse widths. Given these three 
data points, it is possible to derive energy 
thresholds in microjoules, resistance in ohms, 
and current density in ma/cm’ if these are con- 
sidered necessary. For unipolar recordings a 
“grourd plate” or anode, preferably with a 
surface area similar to that of the pulse 
generator to be implanted, is placed in the 
wounc. As a rough index of satisfactory pacing 
thresholds it should be possible to obtain 
thresholds of 0.4 to 0.8 ma and 0.2 to 0.4 v ata 
pulse width of 1 msec using an electrode with a 
surface area of 11 to 12 mm”. If the thresholds 
are satisfactorily low, this is. additional evi- 
dence of an adequate position of the lead. Tak- 
ing all factors into account, namely, the fluoro- 
scopic position of the lead, the characteristics 
of the R wave, and the threshold values, if all 
are satisfactory, it is very likely that the lead 
will remain in stable position. 

Finally, we pace the heart at the pulse width 
of the permanent pulse generator to be im- 
planted, and at an amplitude of 10 to 11 ma to 
check for evidence of diaphragmatic pacing. If 
this is detected, the lead must be repositioned. 
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It may be necessary to reposition it once or sev- 
eral times before all of the requirements men- 
tioned are satisfactorily met. 

The next important step is the creation of the 
pocket for the pulse generator. This must be 
made precisely in the plane between the sub- 
cutaneous tissues and the underlying pectoralis 
major muscle. We have never used an axillary 
or infrapectoral position and see no reason for 
either. If the pocket is made precisely in the 
plane between the subcutaneous tissues and 
the pectoralis major muscle, there will be no 
damage to the blood supply of the subcutane- 
ous tissues, even in very thin patients, end in 
our experience erosion has not been a problem. 
If the pocket is made in the subcutaneous fat 
rather than beneath it, the blood supply of the 
subcutaneous tissues and the overlying skin 
may be compromised and early or late erosion 
may occur. The pocket is made large enough to 
accommodate the pulse generator, which is po- 
sitioned about 12.7 to 25.4 mm below the level 
of the incision. The base of the lead is carefully 
cleaned and connected to the pulse generator 
by whatever method is appropriate, with care 
taken to cover the Allen setscrew to prevent cur- 
rent leakage and to seal the point of lead entry 
if a method for this is provided. Then the pulse 
generator is carefully positioned in the pocket 
with the redundant lead coiled deep to it to 
avoid the possibility of damage at the time of 
reentry. The pulse generator should be posi- 
tioned with the plug uppermost, if possible, to 
facilitate approach at reentry. The anode plate 
in a unipolar unit should be placed facing an- 
teriorly to minimize the chance of pectoral mus- 
cle stimulation. In the case of a hermetically 
sealed unit in which the metallic case forrr.s the 
anode, the position of the pulse generator is 
irrelevant. In certain units with special charac- 
teristics, such as the rechargeable unit, one side 
must be placed anteriorly to permit recharzing. 
If provision is made for fixation, the pulse 
generator should then be fixed in place by 
two-point fixation. If a single fixation point is 
used, it will simply form a fulcrum for rotation 
of the pulse generator and torsion of the lead. 
If a suture hole is provided in the plug assem- 
bly, we pass a heavy No. 1 black silk stick tie 
through the suture hole and the pectoralis 


major muscle and bring it up between the lead 
and the pulse generatcr to be tied across the full 
thickness of the plug assembly, thus providing 
two-point fixation. The incision is closed and a 
dry sterile pressure dressing is applied since no 
drainage is used. This minimizes the chance of 
formation of a hematoma in the pocket. 

In our experience of 450 initial implants and 
420 replacements, in some patients as often as 
eight times, morbidity and mortality have been 
negligible. There have been few hematomas, 
two pulse generator erosions, no lead erosions, 
and no infections. The dislodgment rate is 5%, 
and the perforation rate is much lower. Careful 
attention to all the technical details described 
will lead to a high rate of success with trans- 
venous pacing. If one or more of the require- 
ments are not met, the dislodgment rate, which 
should be no more than 5 to 7%, will increase 
to maybe 20% or higher, and the incidence of 
exit block will increase. 


Complications 

Comparison of the two generally used tech- 
niques shows a significantly greater morbid- 
ity and mortality with the one requiring 
thoracotomy. The incidence of postoperative 
arrhythmias, including ventricular fibrillation, 
is much higher, and the operative mortality 
ranges from 1 to 7.5% [37]. Morbidity and 
mortality with the transvenous technique ap- 
proach zero. However, two special problems 
occur with this technique: the lead may become 
dislodged, usually early in the postoperative 
period, with loss of pacing; or the lead may 
perforate the ventricular wall, either early or 
late in the postoperative period. When perfora- 
tion occurs, stimulation of the diaphragm or 
chest wall muscles often precedes loss of pac- 
ing. If loss of pacing does not occur, the phe- 
nomenon of diaphragmatic pacing can usually 
be explained by transmission of the unphysio- 
logically powerful stimulus (often 10 ma) 
through the thin wall of the right ventricle to 
the phrenic nerve or the diaphragmatic muscle 
directly. Both lead dislodgment and perforation 
with loss of capture require immediate reposi- 
tioning of the lead. Perforation usually causes 
no difficulty unless the patient is on a regimen 
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of anticoagulants, in which case there is the risk 
of cardiac tamponade. 

Infection occurs rarely. It is a serious compli- 
cation in the presence of a foreign body such as 
the pacemaker and usually cannot be eradicated 
until the entire system has been removed. Pac- 
ing must be reestablished by a different route at 
some distance from the site of infection. Occa- 
sionally, the pulse generator or wire erodes 
through the skin, and relocation or replacement 
of the system is required. Both can be mini- 
mized by a careful technique. 

Complications relating to the pacemaker 
system itself, once all too common, occur now 
with much less frequency. These include wire 
fracture, electronic component failure, prema- 
ture battery failure, “open-circuit” failure due 
to leak in the battery casing, leaks in pulse 
generator casing, or fluid absorption in epoxy 
potting material. Conventionally the pulse 
generator rate is voltage linked, so that battery 
failure is indicated by a slowing of the rate. 
Widening of the pulse width is used in several 
pulse generators to compensate for the drop in 
voltage. Component failure may be manifested 
by: failure to sense, intermittent or complete 
loss of capture, or sudden increase in rate to 
values of 200 to 300 beats per minute—the so- 
called runaway pacemaker. At these rates, out- 
put energy is small and capture usually does not 
occur. If it does, death may result from ven- 
tricular tachycardia or fibrillation. This type of 
failure is now rare. Newer pulse generators are 
protected against this phenomenon by rate- 
limiting mechanisms [40]. 


Results . 
With successful permanent pacing, there is 
complete relief from attacks of Stokes-Adams 
disease and other manifestations of cerebral 
ischemia and from the fatigue secondary to low 
cardiac output. Many patients experience a 
remarkable increase in energy and a sense 
of well-being. Little improvement is seen when 
the symptoms are due mainly to heart failure 
from irreversible myocardial disease. 
Comparative studies of.patients with heart 


block treated with and without pacing show 


definite increase in longevity and reduction in 
mortality in the group treated by pacing. The 


figures vary widely, but review of a number of 
series suggests that about 50% of patients with 
comple= heart block survive 1 year without 
pacing zompared with 80% survival for 2 years 
in patients with pacing [37]. 

There is now little place for the treatment of 
symptamatic bradycardia by drugs alone. The 
success of permanent cardiac pacing has made 
this the treatment of choice. A review of our 
own experience, a review by Chardack [7] of his 
experience, and a large number of reports by 
other zathors all point to the conclusion that 
survive of paced patients is now very close to 
that of a normal population of the same age. 


Pacemzker Follow-up 

Follow-up of the patient with an implanted 
pacemaker is the responsibility of the implant- 
ing physician. If he does not have the facilities 
or the me, a pacemaker clinic or telephone 
monitc-ing system run either by physicians or 
commercial concerns with physician consul- 
tants can do the job. 

It is pur policy to see all patients in the office 
2 to 4 weeks after implantation. At this time, a 
complete test of the pacemaker is run. Pro- 
gramimable pacemakers are reset to their final 
rate and output at this time since thresholds are 
assumzd to be stable 1 month after implanta- 
tion. The patients are then followed at 3-month 
intervals indefinitely. For patients who live a 
long veay from the office and for those whose 
pulse generators are nearing end-of-life, we use 
telephone monitoring at bimonthly, monthly, 
biweezly, and even weekly intervals [16]. 

At fhe clinic visits, a complete history is 
taken and a long rhythm strip is run on the ECG 
machi-e to look for loss of sensing and capture 
and ofner indications of pacer malfunction. A 
rhythr- strip is run with isometric compression 
to lock for evidence of muscle inhibition. The 
magne: rate of the pulse generator is recorded, 
and the pulse interval and pulse width are mea- 
sured. Triggered pacemakers are overdriven by 
indire-t or external overdrive to check on pulse 
generator response and appropriate blocking 
mechénism. VVI (inhibitory) units are sub- 
jected -o the same maneuver in order to inhibit 
the puise generator and examine the underlying 
intrinsic mechanism. Telephone monitoring, 
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while useful, does not permit such complete 
testing of pacemaker function. We do not use 
waveform analysis at all, and, in general, it is 
not employed, although some have found it a 
useful technique [30, 33]. 

Pulse generators are replaced at the first sign 
of impending failure. In most patients this is 
represented by a drop in rate and in some in- 
stances by a lengthening of the pulse width. In 
many patients, however, pulse generators are 
replaced electively because of the patient’s or 
the referring physician’s unwillingness to ac- 
cept the small risk of following the pulse 
generator to end-of-life. 


Electromagnetic Interference 

As pacemakers with sensing circuits were de- 
veloped, it became apparent that the pulse 
generator could sense not only the intrinsic 
electrical activity of the heart, but also EMI -rom 
other sources, either extrinsic from the envi- 
ronment or intrinsic from adjacent skeletal 
muscle potentials. The phenomenon was found 
to occur more readily in unipolar than bipolar 
systems because of the larger antenna area be- 
tween the electrodes in the unipolar system. 
Initially, it was thought that the body would 
shield the bipolar system from such interfer- 
ence, but it soon became apparent that both 
unipolar and bipolar systems were vulnerable. 

Design changes to combat EMI include filtra- 
tion to exclude 60 Hz interference from electri- 
cal circuits, shielding of the circuitry using a 
modification of the Faraday cage principle, and 
provision of a “noise rate” or interference 
mode in which the pulse generator reverts to a 
fixed rate, either the same as, or faster or slower 
than the basic rate in the presence of strong EMI 
fields. This mechanism preserves pacing de- 
spite the presence of EMI. Another alternative 
was the development of the VVT (triggered) 
pulse generator, which cannot be inhibitec. by 
EMI although its rate may be altered. 

To protect pacemakers from EMI from devices 
such as radar ovens, emission of EMI from them 
was controlled. Further protection was pro- 
vided by enclosing the entire pulse generator in 
a can. This had the additional advantages of 
providing hermetic sealing and, in the case of a 
unipolar system, providing the anode. A 


number of new developments such as the active 
magnetometer weapons detectors have been 
tested and found to be harmless for conven- 
tional pacemakers [45]. There are some sources 
of EMI that can still affect a number of pulse 
generators. These include high-energy radar, 
television and radio transmitters, industrial arc 
welders, and certain electrocautery machines 
used in hospitals. However, avoidance of expo- 
sure to these sources of EMI can prevent trouble 
usually. For example, with electrocautery the 
possible consequences can be mitigated very 
simply by taping a magnet over the pulse 
generator during an operative procedure in 
which cautery is to be used. This converts the 
pulse generator temporarily to a fixed-rate unit 
and renders it immune to the effects of EMI. 

Intrinsic EMI, such as that produced by mus- 
cle potentials, has been found to be a frequent 
phenomenon under test conditions [40, 46] and 
has been detected in unipolar systems in 30 
to 80% of pulse generators tested. However, 
clinically it has not proved to be a problem and 
is very rarely a source of symptoms due to pulse 
generator inhibition. 

At the present time, neither intrinsic nor ex- 
trinsic EMI constitutes a major clinical problem, 
but both physicians and manufacturers must be 
aware of potential problems as new sources of 
EMI develop [46]. 


Current Trends 

Leads 

Developments in lead design have been di- 
rected toward improved longevity and reduc- 
tion in size of the electrode to reduce current 
drain on the battery. This was carried to such a 
point that very small electrodes were found to 
cause problems with sensing, and it now ap- 
pears that the optimal surface area for an elec- 
trode is about 12 mm? [20]. Other developments 
involve a variety of devices designed to fix the 
endocardial lead in position and thereby elimi- 
nate the problem of early lead dislodgment. 
These have included mechanisms for extruding 
metal or nylon bristles from the end of the elec- 
trode and the use of various hooking and 


‘screw-in devices. A screw-in electrode has been 


developed for myocardial use with external ap- 
plication. This has greatly revived interest in 
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the transthoracic approach to the heart, as op- 
posed to the transvenous endocardial approach, 
and many surgeons have returned to direct 
operative exposure of the myocardium using 
much smaller incisions than previously. The 
screw-in electrode allows application through 
small incisions, either in the left anterior 
thoracic area or in the subcostal area for ap- 
proach to the left ventricle or in the subxiphoid 
area for approach to the right ventricle. 
Screw-in electrodes are designed for both the 
left and the right ventricle, and are currently in 
widespread use with generally satisfactory re- 
-sults [24, 50, 51]. 


Atrial and Atrial Programmed Pacing 
Lead developments have been directed also to- 
ward the design of a suitable lead for applica- 
tion to the atrium. An early epicardial atrial 
lead was designed for external application to the 
left atrium in atrial synchronized pacing [29]. 
This worked well, but with the decline of the 
transthoracic approach to the heart for perma- 
nent pacing the use of this lead declined. Sub- 
sequently, efforts were made to place electrodes 
adjacent to the left atrium by mediastinoscopy, 
using for the most part the Elema lead [5]. This 
approach was popularized in Sweden and 
Germany but recently has been largely discon- 
tinued because of instability of the lead and 
frequent failure of sensing and capture. Later 
approaches by the transvenous method utilized 
the coronary sinus to achieve left atrial pacing 
and sensing [26] and the right atrial appendage 
to achieve right atrial pacing and sensing [4]. A 
coronary sinus lead has been in 1 of our pa- 
tients for 10 years. Moss and co-workers [26] and 
others have claimed considerable success with 
this approach, but for many the lead has proved 
somewhat unstable. ` 

We have been interested for many years in 
the atrial appendage approach using first a 
plain J-shaped lead* [43, 47] and later a tined 
leadt designed for better fixation in the appen- 
dage [11, 39, 44]. The dislodgment rate of the 
plain J lead was 20%, and this was considered 
unacceptably high. The lead with the tines de- 


*Cordis Corporation, Miami, FL. 
tMedtronic, Inc., Minneapolis, MN. 


Signec tc enhance fixation has proved more 
succesful. It has been inserted in 20 patients 
follow=d for 3 months to 3 years without any 
instance of lead dislodgment, suggesting a sig- 
nificant improvement over the earlier lead. The 
experince of others, such as Kleinert and col- 
leagues im Germany [22] with 86 patients with a 
7% cz3ladgment rate, tends to support these 
findings. 


Circuiis 

Curre—t :rends in circuit design have seen a 
change from the discrete component cordwood 
constructon to the hybrid construction in a her- 
metically sealed can. Other refinements in cir- 
cuit des-gn include narrowing of the pulse 
width or devices that permit variation in the 
pulse width to conserve battery power [8] and 
devices that permit changes in both the output 
of the circuit and its rate by external noninva- 
sive kecnniques [28]. These advances have 
achie-ed many advantages in reducing the size 
of the circuit and improving its efficiency as 
well <5 improving its resistance to EMI and in- 
creasing its flexibility in terms of pulse width, 
outpr:, or rate change. 


Power Scurces 
Since the initial development of the implant- 
able =acemaker, the industry has been limited 
by thz capacity of the Ruben-Mallory mercury- 
zinc cell This remarkable battery has been re- 
fined and developed over the years by the ad- 
ditior ož silver to the mercury as a stabilizing 
agent and the use of welded cans and double 
sepatatcrs to prevent internal short circuiting 
[40]. Th2 mercury-zinc battery has now been 
refined io such a point that its maximum life 
expectancy of about 5 years is at last achievable 
when combined with low-energy drain cir- 
cuitr> end small surface area electrodes. It 
seems that no further development of this sys- 
tem is possible, and this particular battery is 
now  bsolete. It is rapidly being replaced by 
cherrical batteries with longer life, rechargeable 
cherrical batteries, or isotopic batteries with 
the lcn¢est life of all. 

Ci-rently, the most popular power source for 
pulse generators is the family of lithium bat- 
terie=, cf which there are now a great number. 
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To date, the record of all of these batteries is 
excellent, and none has a clear superiority over 
another. The Catalyst Research or Wilson 
Greatbatch battery is the one about which the 
most is known and the one with the longest 
record of successful use. Depending on the size 
of the ‘battery, life expectancy of a lithium 
power source ranges from 3 to possibly 12 
years. 

The rechargeable nickel-cadmium cell has 
proved reliable and successful although some 
patient and physician resistance has been en- 
countered to the necessity for frequent re- 
charging of the system. The longevity of the sys- 
tem is expected to be somewhere in the order 
of 20 years [14]. 

The concept of nuclear energy as a power 
source for cardiac pacemakers was first pro- 
posed by Parsonnet and associates in 1965. The 
fuel chosen was plutonium 238 and work began 
under contract from the Atomic Energy Com- 
mission in 1966. It resulted in the development 
of the ARCO nuclear pulse generator, a fixed- 
rate unit. This device was first implanted in 
dogs in 1969 and in patients in 1973. It was 
followed by the development of the Med- 
tronic-Alcatel pulse generator, using a 
French plutonium 238 fuel cell. Clinical studies 
with the Medtronic unit began in 1970. Since 
then, a number of other isotopic pacers have 
been developed, but at the present time only 
three are used generally in the United 
States—the Medtronic, the Coratomic, and 
more recently the Cordis pacers. The Coratomic 
and Cordis units were implanted in patients in 
1974. 

Plutonium 238 is currently the universal 
choice for isotopic power. The radiation dose 
rates of all units are less than 0.5 mrem per hour 
at 5 cm. For example, the yearly dose rate to the 
patient’s trunk for one pacer in current use is 
approximately 350 mrem per year, which com- 
pares favorably with the air travel increment of 
an airline stewardess or pilot of 400 mrem per 
year. The gonad dose, assuming a chest implant 
and separation of 40 cm, is approximately 100 
mrem per year. This is a factor of 150 below the 
National Council of Radiation Protection and 
Measurements recommended limit for critical 
organs of 15,000 mrem per year. It is concluded 


that the radiation hazard to the pacer patient 
and spouse is negligible. Furthermore, all 
isotopic pacers are required to pass a rigid set of 
standards set by the Nuclear Regulatory Com- 
mission to demonstrate that the fuel capsule can 
withstand any environmental hazard likely to 
be encountered during its life in an animal ora 
patient. 

To date, some 1,750 Medtronic units, 200 
Arco units, 384 Coratomic units, and 223 Cordis 
units have been implanted worldwide. Other 
units have been used but have not achieved 
widespread acceptance. Isotopic pacers such as 
these have proved to be the most reliable of all, 
pacers to date. In our experience with 57 units, 
there has been no case of battery or circuit fail- 
ure in up to 5 years. Simplification of the 
licensing rules by the Nuclear Regulatory 
Commission should greatly increase the use of 
what will be life-time pacers for many patients. 


Future Trends 

The problems of symptomatic bradycardia have 
essentially been met and mastered. Future 
trends will continue with the development of 
more sophisticated and miniaturized circuitry. 
The uses of programmable circuits will be ex- 
tended to include such factors as refractory 
period and sensitivity. The use of atrial, AV 
synchronized, and AV sequential pacing will 
increase. The distribution of lithium, recharge- 
able, and plutonium power sources will be 
sorted out as they replace the mercury-zinc 
battery. Further developments will occur in the 
design of longer-lived electronic components 
and leads and in the development of lead fixa- 
tion devices. 

The real challenge, however, lies with the 
electronic recognition and the electronic control 
of tachyarrhythmias. Much work has already 
been done in this field, and a number of ap- 
proaches are currently in use. Some are already 
established, and others are in the developmen- 
tal stage. For example, a variety of ventricular 
and atrial pacing techniques have been used in 
an attempt to control both ventricular and atrial 
tachycardias. The technique of rapid atrial 
pacing by either an implanted device or a 
radio-frequency external device that can be 
switched on at will is an established method. 
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Other techniques involve the insertion of a Referer=zes 


programmed premature atrial beat or paired 
atrial beats to terminate an atrial tachycardia. 
In one method, a scanning pacemaker is used 
to find the critical point at which a premature 
stimulus will break the tachyarrhythmia. In 
contrast to atrial overdrive techniques are ven- 
tricular underdrive techniques. With these, 
ventricular beats at a rate slower than the tachy- 
cardia are used competitively to break the 
tachyarrhythmia. Both single ventricular beats 
and short bursts of rapid ventricular beats have 
been employed. 

With many of these ventricular and atrial 
techniques there is some risk of fibrillation. In 
the ventricle this is a serious problem, but in 
the atrium it is not and may even provide an 
acceptable alternative to a more serious tachyar- 
rhythmia. In this connection, fixed-rate atrial 
pacing has been used to produce repetitive 
competition and induce stable atrial fibrillation 
as a treatment for intractable and disabling 
paroxysmal atrial tachycardia [1]. In some of 
the techniques currently in use, the device is 
patient-operated externally. In others the unit 
operates automatically as a completely im- 
planted device. The understanding of variant 
and abnormal reentry pathways is essential to 
the understanding of the tachyarrhythmias and 
their control [2, 48]. 

The ideal pacemaker to cope with supraven- 
tricular tachyarrhythmias does not yet exist. In 
theory, the device should be completely im- 
planted. It should be capable of recognizing 
ventricular or supraventricular tachyarrhyth- 
mias and instituting the appropriate correc- 
tive paced rhythm. Furthermore, if this should 
fail, it should be capable of recognizing the 
failure and either repeating the therapeutic 
rhythm or changing to an alternate pacing 
mode until satisfactory correction of the ar- 
rhythmia is achieved. All of this should be done 
automatically and without risk to the patient. A 
few years ago, such a goal appeared completely 
impossible. With our better understanding of 
the mechanism of conduction between the 
atrium and the ventricles, of the anatomy and 
physiology of aberrant conduction pathways, 
and of increased sophistication of pulse gen- 
erator circuitry, the achievement of this goal is 
much closer. 
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CORRESPONDENCE 


Standards for Surgical Trials 


To The Editor: 


In theory, reviewers of scientific papers impose 
standards for acceptance based on the aim of all 
scientists—to report a true result. For therapeutic 
trials a true result depends on appropriate design, 
that is, the results should reveal real effects of treat- 
ment by measures that minimize biases in selecting 
patients and administering therapy. Acceptance of 
the results for publication implies merit, and without 
publication it is very difficult to establish a new 
treatment in practice. Medical journals thus become 
the filter through which appropriately studied mo- 
dalities can go on to application but through which 
inappropriately studied modalities should not be 
able to pass. While this has been increasingly true for 
medicinal agents, it has not been the case for new 
surgical procedures and new applications of estab- 
lished procedures. Most journal reviewers, abstract 
referees for scientific meetings, and hospital research 
committees maintain high standards for the design 
of medical therapeutic trials. Yet they do not impose 
equal standards for surgical trials. This is not because 
such trials cannot be done. | 

It has been. shown that prospective, controlled 
trials of surgical therapy, including random alloca- 
tion of patients, are quite feasible though they are 
perhaps more complicated to perform than compara- 
bly designed trials of nonsurgical therapy. Relatively 
few, however, have been done, and these have fol- 
lowed rather than preceded the widespread intro- 
duction of new operations. Yet, to establish as early 
as possible (1) whether a treatment is truly effective 
and (2) exactly for whom it is indicated, the same 
principles must apply to all therapies. Unless this is 
recognized, uncertainty will continue to provoke 
controversies; for example, the protracted arguments 
-over appropriate operations for common diseases 
such as peptic ulcer, breast carcinoma, and coronary 
artery obstruction. The years consumed and the heat 
generated by disputants whose skill and intellect are 
not doubted, testify to the persistent problem of ob- 
taining valid evidence—to the detriment of our pa- 
tients. We believe that this is the result of the ab- 
sence of appropriate standards of proof for new 
surgical treatments and new applications of existing 
surgical treatments. 

There is no scientific or humanistic reason why 
standards for acceptance should not be equal for all 
treatments. On the contrary, science and ethics de- 
mand our best efforts for equal standards. Moreover, 
there is every reason for their application from the 
very first clinical trial of each treatment. It is true that 
reduction of operative mortality improves with ex- 
perience; yet proof of current benefit to patients 
necessarily applies to current experience. Our point 
is related to the quality of such proof. 

We believe that the publication “filter” is the place 
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to mainEin equally high standards for all treatments. 
We request the editors and reviewers of The Annals of 
Thoracic Surgery to consider an explicit policy of 
equal stendards for therapeutic trials of all therapies. 


David H Spodick, M.D., D.Sc. 

Division af Cardiology, St. Vincent Hospital, 
Univers!-y of Massachusetts Medical School 
Worcester, MA 01604 


Wilbert Aronow, M.D. 
University of California 
Bernard =arber, Ph.D. 
Columbic University 


Henry Exseckburn, M.D. 
University of Minnesota 


David Boyd, M.D. 

Lahey Citic 

C. Richard Conti, M.D. 
Universi-y of Florida 
James P. LoGerfo, M.D. 
Universi: y of Washington 


Bernard Town, M.D. 
Harvara Aniversity 


Virendra 5. Mathur, M.D. 
Baylor Latversity 


Henry D. McIntosh, M.D. 
Watson Clinic 


Thomas A. Preston, M.D. 
US Public Health Service 
(Seattle, NA) 


Arthur Selzer, M.D. 
University of California 


Timothy Takaro, M.D. 
Veterans Administration 
(Ashevilie, NC) 


Pulsatii2 Perfusion Problems 


To the =ditor: 


“To Puse or Not to Pulse” by Constantine Mav- 
roudis (ann Thorac Surg 25:259, 1978) is timely, im- 
portant, and interesting. The case for pulsatile perfu- 
sion wa= very well made, but some of the difficulties 
associated with this method were not pointed out. 
We wot_d very much like to use pulsatile perfusion, 
but have hesitated because of the physical factors 
involve= in moving blood at high velocity through a 
rigid, small-bore conduit. The normal heart, ejects 
blood during approximately one-third of the cardiac 
cycle, and the peak ejection flow (velocity) is ap- 
proximacely five times the mean cardiac output. 
Ejectior. is accomplished through an aortic valve 
orifice with a cross-sectional area of at least 2.5 cm’. 
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The “elasticity” of the vascular system absorbs much 
of the shock associated with acceleration and decel- 
eration of the blood. In contrast, the extracorporeal 
circuit consists of rigid, small-bore tubing terminat- 
ing in an inflow cannula with perhaps 0.35 cm? of 
cross-sectional area. If a physiologically similar pulse 
is to be generated, it will create flows, velocities, and 
pressure drops far greater than those encountered in 
the physiological situation. It will also cause in- 
creased turbulence. Of greatest concern is the need tc 
decelerate a long column of blood in a rigid conduit. 
Generation of large negative-pressure gradients is 
inevitable. 

Negative pressure is conducive to the formation of 
microbubbles, but the possibility of air leaks poses a 
greater hazard. Minute leaks that are totally benign 
in a constant positive-pressure system can allow an 
air bubble to enter on each cycle. Also of concern is 
the effect of a high velocity jet on the aorta. Use of 
blood filters must be reevaluated if pulsatile flow is 
to be forced through them. It would seem that the 
need for them may be greater in a pulsatile system 
because of the increased turbulence and pressure ex- 
tremes. 

An intraaortic balloon obviates all of these objec- 
tions, but it has its own hazards, is expensive, and 
increases operative time. 

The greatest hindrance to the use of pulsatile ex- 
tracorporeal perfusion is the necessity of pumping 
large volumes of blood through a very small hole in 
the aorta. 


Kenneth L. Kayser, P.E. 


Milwaukee Heart Surgery Associates 
3112 W Highland Blvd 
Milwaukee, WI 53208 


Reply 
To the Editor: 


Mr. Kayser’s points are well taken. As I stated in the 
article, “if the pulsatile pump is to replace the non- 
pulsatile pump, efficiency, simplicity, and repro- 
ducibility must not be compromised.” Experiments 
designed to answer such questions should be per- 
formed and their results carefully evaluated. 


Clinical studies using pulsatile perfusion with 
either the pulsatile assist device [1] or roller pumps 
adapted to deliver pulsatile flow [2] have not re- 
ported increased blood destruction due to turbulence 
or complications due to air embolism. I agree that 
pulsatile perfusion through a small-bore catheter will 
intermittently produce higher line pressures than 
nonpulsatile flow, but such a problem can be cor- 
rected for the pulsatile system without difficulty. Mr. 
Kayser’s comments about problems with arterial fil- 
ters and air bubbles caused by relative negative pres- 
sure due to the downslope of the pulse have not been 
reported. Judging from the clinical experience to 
date, I presume these phenomena have not been ob- 
served. However, additional investigations of the 
durability and thrombogenicity of arterial filters and 
of the possible creation of air bubbles in a pulsatile 
system must be carried out. High turbulence through 
a small-bore arterial catheter to deliver total cardiac 
output will always be present whether or not the 
system is pulsatile. The fact that a radial artery line 
can demonstrate a pulse contour during cardiopul- 
monary bypass shows that pulsatile flow can be de- 
livered to the body effectively despite upstream 
stenosis and turbulence. The question still remains: 
Even though pulsatile flow is more physiological, is 
it worth the extra steps to obtain it when our nonpul- 
satile roller pumps work well now? 

The answer will be found only by conducting more 
clinical trials and finding replies to Mr. Kayser’s pro- 
vocative questions. | 


Constantine Mavroudis, M.D. 


Department of Surgery 
University of California, San Francisco 
San Francisco, CA 94143 
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REVIEW OF RECENT BOOKS 


Surgery Annual: 1977 

Edited by Lloyd M. Nyhus, M.D. 

New York, Appleton Century Crofts, 1977 
427 pp, illustrated, $26.50 


Reviewed by Marcus L, Dillon, Ir., M.D. 


The 1977 Surgery Annual presents a potpourri of sub- 
jects expertly covered by an international group of 
authors. 

In ‘Syndromes of Intravascular Coagulation,” Dr. 
Franz Rodriguez-Erdman not only updates the con- 
cepts of coagulation and the relationship of coagula- 
tion to clinical problems, but also gives some striking 
examples in patients. He presents a commonsense 
approach to therapy on the basis that these syn- 
dromes are a manifestation of disease. 

“Prophylaxis of Pulmonary Complications Follow- 
ing Abdominal Surgery, Including Atelectasis, Adult 
Respiratory Distress Syndrome and Pulmonary Em- 
bolism” by Dr. Gwendolyn B. Schmidt is a com- 
prehensive review and discussion of each major 
factor that identifies patients at greater risk. These 
factors are site of operation, preexisting respiratory 
problems, hypotension, shock and transfusion, sep- 
sis, age, obesity, prolonged duration of anesthesia 
and surgery, emergency versus elective operations, 
aspiration, and bedrest. Effective prophylactic mea- 
sures are discussed as well as those that have been 
shown to be ineffective. The bibliography of 367 ref- 
erences reflects the thorough documentation of this 
review. 

In “Anesthesia, Alkalosis and Arrhythmias,” Alon 
P. Winnie and Robert Edwards look at the mecha- 
nisms involved with hyperventilation that produces 
hypokalemia resulting in cardiac arrhythmias refrac- 
tory to the usual antiarrhythmic therapy. 

In “Necrotizing Enterocolitis in the Neonate,” John 
K. Stevenson and David K. Stevenson discuss the 
multiple predisposing factors in this serious disease 
of the neonate. The idea that the pathogenesis is 
based on asphyxia with reflux shunting away from 
the splanchnic bed is convincingly presented. Many 
children with this disease require operation, and late 
stricture of the involved unresected bowel is signifi- 
cant. 

“Transphincteric Approach to Rectal Lesions” by 
Aubrey York Mason, “Arthroscopy of the Knee” by 
Richard L. O’Connor, and “Headache, Cervical 
Spondylosis and Anterior Cervical Fusion” by 
Ronald P.'Paul are reports on specialized operative 
procedures by authors with obvious personal experi- 
ence. 

In “Approach to the Treatment of Anorectal Dis- 
ease with Special Reference to Hemorrhoids,” Peter 
H. Lord proposes that removal of abnormal sphincter 
obstruction by dilation allows successful treatment of 
most anorectal inflammatory disease and hemor- 
rhoids using more conservative methods. 


IRA 


“The Fresent Status of Bypass Operations for Obe- 
sity” by Lloyd D. MacLean and Henry R. Shibata and 
“Coronezy Artery Surgery: The State of the Art” by 
Cary W. Akins, Eldred D. Mundth, and W. Gerald 
Austen zre comprehensive reviews of these areas of 
surgery that are still in a period of development and 
improvement. 

“The Team Approach in Salvage of the Diabetic 
Foot” bv Richard Jacobs, Allastair Karmody, Carl 
Wirth, and Danica Vedder and “Recent Advances in 
the Maragement of Trauma” by Worthington G. 
Shenk amd John R. Border are presentations to show 
how and why a group of specialists can provide more 
effective medical care than an individual physician. 

In “Operating Room—Acquired Infection: Its Epi- 
demiolezy and Prevention,” Hiram C. Polk, Jr., Les- 
lie Pearlstein, and Calvin E. Jones review three pri- 
mary er2as (physical environment, patient factors, 
physician factors) that influence operating room- 
acquirec infections. The authors emphasize that the 
development of adjunctive maneuvers takes a back 
seat to the long-recognized principles of gentle han- 
dling cf tissue and optimal wound management. 

“The Columnar-Lined (Barrett’s) Esophagus” by 
C. G. Brenner is a convincing dissertation in which 
experimental, clinical, and histopathological evi- 
dence $ used to support the theory that the 
columnér-lined esophagus of Barrett is a condition 
acquire: by columnar epithelial replacement of 
squamcus epithelium destroyed by long-continue 
gastroesophageal reflux. 

In “Experiences in the Treatment of Esophageal 
Cancer of the Upper and Middle Thoracic Segment,” 
Komei Nakayama reports his experience with 1,174 
resections over a 28-year period. A three-stage opera- 
tion (gastrostomy, esophageal resection, antithoracic 
reconstuction) was done on 303 patients during the 
years 1946 through 1970. It was replaced in almost all 
instances by a one-stage resection and reconstruction 
betwee. 1971 and 1973. Impressive are the operative 
mortality rate of 6% and the 5-year survival rates of 
10.8% for men and 29.3% for women. 

In “Current Status of Pancreatic Function Tests,” 
Goran Lundh discusses the development and use of 
the secretion and meal test of pancreatic function. He 
suggests that future tests of pancreatic function may 
be measurement of serum and urine isoenzymes. 

“Unconventional Bypass Procedures for Arterial 
Disease, with Special Reference to Axillary Femoral 
Bypass” by Jan H. Louw and “Extracorporeal Surgery 
for Reral Problems” by Lars-Erik Gelin present de- 
tails of the authors’ experiences with these unusual 
vascula- problems. The color plates of the findings at 
operation for arteriovenous malformation of the kid- 
ney are impressive. 

In “Delayed Hypersensitivity Reaction: Its Rela- 
tion tc Tumor Spread and Prognosis,” Ali A. El- 
Domeiri discusses the role of delayed hypersensitiv- 
ity reactions in cancer patients as an indicator of the 
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stage of the disease. The routine use of skin testing 
with the organic chemical DNCB (2 A-dinitro-1- 
chlorobenzene) as a patent allergen is a practical 
method to measure delayed hypersensitivity reac- 
tions. 

This book provides current information in many 
areas of surgery; only time will tell if the meterial 
represents advances in surgery. Nevertheless, some 
of the approaches are thought provoking. 


Lexington, KY 


Color Atlas of Cardiac Pathology 

By Geoffrey Farrar Brown 

Chicago, Yearbook Medical Publishers Inc, 1977 
158 pp, illustrated, $29.95 


Reviewed by Edward F. Parker, M.D. 


This is a concise, well-written, beautifully printed, 
and beautifully illustrated atlas of practically every 
pathological state involving the heart. In a review of 
this type it is to be expected that some omissions 
would occur. The photographs of gross specimens, 
mainly fresh but a few museum, and the photomi- 
crographs, both light and electron, are all of superb 


quality. 


The book begins with illustrations of the normal 
adult heart and of techniques for removal and exani- 
ination of the heart. There follow chapters on con- 
genital malformations of the heart, the pericardium, 
the blood supply of the heart, atheromatous disease 
of the arteries, infarcts and interesting arterial and 
venous angiograms of changes during and following 
infarction, ventricular hypertrophies, primary car- 
diomyopathies, rheumatic heart disease, other con- 
nective tissue disorders, syphilis, valvular abnor- 
malities, endocarditis, myocarditis, and tumors. In 
addition, there are sections on familial diseases and 
the conduction system. 

Few criticisms need be made. The sections devoted 
to the diagnosis and treatment of coronary artery 
obstructive atheromatous disease are totally inade- 


quate for the specialist in this field, but for almost 


every other phase of cardiac pathology the text is 
adequate. Curiously enough, there are descriptions 
of such rarities as amyloid disease, tuberculoma in a 
ventricular septum, and protozoan myocarditis, but 
uremic pericarditis, though mentioned in a single 
word, is neither described nor illustrated. Also, the 
cardiac lymphatics are not mentioned, but this is 
understandable since so little is known about them. 

The book will be most useful to medical students, 
residents in pathology, and any clinician who deals 
with cardiac disease and its teaching. 


Charleston, SC 


1979 Meeting 


The Society of Thoracic Surgeons 


The Fifteenth Annual Meeting of The Society of 
Thoracic Surgeons was held at the Civic Plaza, 
Phoenix, AZ, January 15-17, 1979, with a total 
of 2,175 registrants including spouses and ex- 
hibitors. The Scientific Sessions were attended 
by 625 members and 305 guests, including 100 
residents. The Thirteenth Annual Postgraduate 
Course, under the very capable leadership of 
Martin McKneally, was held on January 14 and 
was attended by 581 people. For the first time, a 
self-assessment examination was included with 
-the Postgraduate Course. The cooperation of 
those in attendance was greatly appreciated. 

Overall, the meeting was quite successful, 
due in large part to the efforts of Dr. Replogle, 
Chairman, and other members of the Program 
Committee. Although the weather was unsea- 
sonably cool and wet for Phoenix, it was very 
satisfactory when contrasted with that of the 
Northeast and Midwest. Drs. Cecil Vaughn and 
Lee B. Brown headed the Local Arrangements 
Committee. Both the chairmen and the com- 
mittee were consistently helpful. Mesdames 
Barbara Vaughn and Kay Brown were in charge 
of arranging activities for the ladies. These ac- 
tivities drew much favorable comment. They, 
Walter Purcell, and the staff of Smith-Bucklin 
deserve a great deal of credit for the success of 
the meeting. 

The Presidential Address given by Dr. 
Harold V. Liddle and entitled ‘Impasse at the 
Crossroads: Evolution or Regulation” pre- 
sented a clear picture of the historical evolution 
of the interface between medicine and govern- 
ment. The current problems facing thoracic 
surgery vis-a-vis governmental regulation were 
outlined along with sobering alternatives for 
the future, depending on the degree of concern 
of our membership. 

At the’ Annual Business Meeting the follow- 
ing officers were elected: Paul C. Adkins, Presi- 
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dent; Jzy L. Ankeney, Vice President; W. Gerald 
Rainer. Secretary; Harold C. Urschel, Jr., Trea- 
surer; Robert G. Ellison, Historian; and Herbert 
Sloan, Editor, The Annals of Thoracic Surgery. 
Clarerce S. Weldon was elected to the Council 
as Councillor at Large. 

Bylzw changes were approved relative to the 
following: tenure of the Editor, Associate and 
Assistant Editors, and Editorial Board mem- 
bers; qualifications for membership of candi- 
dates ‘rom countries other than the United 
States and Canada; and Senior Members serv- 
ing in the offices of Editor and Historian. 

One hundred five new members were 
elected, increasing the total membership to. 
1,817. A roster of the new members, headed by 
a listing of officers, committees, and Society 
representatives for 1979-1980, appears on pages 
289-252 of this issue. The last complete mem- 
bersh:> roster was published in Volume 25 of 
The A-nals (March, 1978, pp 275-288). 

The Committees on Government Relations 
and cn Standards and Ethics remained ex- 
treme. active in representing The Society’s 
membtərship in areas of current concern. 

The Society extends its deep appreciation to 
those members retiring from committee activ- 
ities. It owes a particularly large debt of 
gratitude to Dr. Thomas Bartley, who com- 
pletec five years in the office of Secretary. Ap- 
propr-ate gifts of appreciation were given to Dr. 
and Mrs. Bartley by The Society President at the 
Annuzl Business Meeting. 

The Sixteenth Annual Meeting will be held 
Januazy 21-23, 1980, in Atlanta, GA. Charles R. 
Hatcher will serve as Chairman of the Com- 
mittee on Local Arrangements. 


W. Gerald Rainer, M.D. 
Secretzry 
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Suter, H. Joseph 
Williamsport, PA 


Deceased Members 


Butterick, Orin D., Jr. 
Carr, Duane 

Jamison, W. L. 
Klassen, Kari P. 
Parnassa, Peter 
Waterman, David H. 


Sweatt, James L., IHI 
Dallas, TX 


Thomas, John William 
Columbus, OH 


Thupvong, Kosin 
Merrillville, IN 


Turney, Shannon W. 
Lafayette, LA 


Tutunji, Nermin D. 
South Bend, IN 


Tyras, Denis H. 
St. Louis, MO 


Vander Saim, Thomas James 
Worcester, MA 


Waker, Paul 
Giessen, West Germany 


Wilkins, Earle W., Jr. 
Boszon, MA 


Williams, Joseph Thomas, Jr. 


Birmingham, AL 


Wil_x, Robert David, Jr. 
Sioux Falls, SD 


Walpowitz, Allan 
Detit, MI 


Yarsoz, Michael D. 
Tarr.pa, FL 


Yee. James M. 
Berkeley, CA 


Yokoyama, Taro 
Los Angeles, CA 


. Zeff, Robert H. 


Philadelphia, PA 


Zequeira, Marcos A., Jr. 
Hialeah, FL 


Zwart, Hans H. J. 
Dayton, OH 


CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for 
publication in The Annals will be rejected. Ads are pub- 
lished monthly and run for three-month sequences. There 
is no charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The An- 
nals Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7079 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 


Cardiothoracic surgeon, 37, completing additional fellow- 
ship in cardiovascular surgery research, ABS and ABTS 
eligible, seeks association with group or partnership. 


Please respond to W-126, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, married, ABTS eligi- 
ble, university trained, completing Berry Plan military obli- 
gation June 1979, seeks position. Broad experience in car- 
diac, vascular, and thoracic surgery. 


Please respond to W-140, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Mature, certified, university-trained cardiothoracic and 


vascular surgeon with thirteen years of private practice ex- 
perience wishes to relocate. Seeks association in group 
practice or partnership. Curriculum vitae and bibliography 
available on request. 


Please respond to W-150, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 31, university trained 
in all aspects of adult and congenital cardiac and thoracic 
surgery, seeks position with group or association in the 
central Atlantic states. 


Please respond to W-151, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. _ 


Cardiothoracic surgeon, 35, ABS certified, thoracic surgical 
residency completed, seeks position in Midwest or West in 
solo or group practice, leading to partnership. Presently 
finishing fellowship in cardiovascular surgery, one year of 
practice in general and cardiovascular surgery. 


Please respond to A. Olivier, M.D., 245-27 76th Ave, 
Bellerose, NY 11426; tel: (212) 343-8292. 


Cardiowascular and thoracic surgeon, 32, married, seeks 
group position doing cardiac, thoracic, and vascular sur- 
gery. Congenital and adult experience, ABS certified, ABTS 
eligible. University training will finish June, 1979. Avail- 
able July 1, 1979. Southeast desired. 


Please respond to W-153, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


A-35 


Thoracic and cardiovascular surgeon, 46, retiring from mil- 
itary, wishes to practice thoracic surgery with group or in 
partnership. Currently chairman of residency training pro- 
gram. ABS and ABTS certified. Available summer, 1979. No 
geographic preference. 


Please respond to W-154, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 33, seeks position in 
small group, preferably one other surgeon. Trained in 
midwestern university; experience in adult and pediatric 
thoracic and cardiovascular surgery. Prefers Southeast but 
will consider all locations. Available July, 1979. 


Please respond to W-155, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 38, ABS certified, 
completing residency in June, 1979, at university center, 
seeks position with group in private or academic practice. 
Excellent training in adult and pediatric cardiac surgery 
with special experience in thoracic surgery. No geographic 
preference. Available July, 1979. 


Please respond to W-157, The Annals of Thoracic Surgery,, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgical resident, 32, married, 
finishing university training in Houston, seeks private 
practice, association/partnership with active cardiothoracic 


` group, or academic appointment in New England or Middle 


Atlantic states. ABS certified. Curriculum vitae available 
upon request. 


Please respond to L. Von Koch, Cora and Webb Mading 
Department of Surgery, Texas Medical Center, Houston, 
TX 77030. 


Thoracic and cardiovascular surgeon, trained in both adult 
and pediatric cardiac surgery, seeks opportunity to practice 
specialty. Available July, 1979. 


Please respond to W-159, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 32, strong university 
background, ABS certified, ABTS eligible, desires associa- 
tion with group on East Coast. Primarily interested in 
thoracic and peripheral vascular surgery. Available July, 
1979. 


Please respond to W-160, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 34, university trained 
in all aspects of cardiovascular and thoracic surgery, desires 
association leading to partnership with private group. ABS 
certified, ABTS eligible. Completing training June, 1979, 
Rush-Presbyterian-St. Luke’s. Prefers West Coast but will 
consider other locations. 


Please respond to W-161, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, completing training 
in July, 1979, seeks position with cardiothoracic group or 
association leading to partnership. Well trained in all as- 
pects of cardiac, pulmonary, and esophageal surgery. 
Locale flexible, prefers Northeast. 


Please respond to W-162, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 42, seeks 
association/partnership. University trained, M.B., M.S., 
F.R.A.C.S., F.R.C.S.(C), 9 years’ general thoracic and closed 
cardiac experience in India. Two years’ experience each in 
UK, Canada, US, in open-heart surgery. 


Please respond to W-163, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Mature surgeon, Board certified in general and thoracic- 
cardiovascular surgery, desires to relocate to a city with a 
population greater than 60,000 or within one hour’s drive. 
Interested in thoracic, peripheral vascular surgery. Willing 
to do general surgery. 


Please respond to W-164, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 33, completing resi- 
dency in June, 1979, at large, New York medical center, 
seeks position. Well trained in all facets of adult and pediat- 
ric cardiothoracic surgery. FLEX, ABS certified. Will con- 
sider all geographic locations; flexible in type of practice. 


Please respond to W-165, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Pediatric cardiothoracic surgeon who established open- 
heart surgery in university environment seeks opportunity 


to advance career. ABS and ABTS certified. Curriculum ° 


vitae and bibliography available. 


Please respond to W-166, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 34, university trained, ABS, ABTS 
eligible, completing additional year in June, 1979, seeks as- 
sociation with group or surgeon. Extensive training in all 
aspects of adult and pediatric cardiothoracic and periph- 
eral vascular surgery. All locations considered. 


Please respond to W-167, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgical resident, 32, ABS certified, com- 
pleting training in June, 1979, desires group/academic po- 
sition combining clinical and research duties. Well trained 
in coronary artery surgery. Locale flexible; good references. 


Please respond to W-168, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, ABS certified, com- 
pleting residency in thoracic and cardiovascular surgery in 
June, 1979, desires association or partnership with active 
cardiothoracic group or academic appointment. 


Please respond to W-169, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 33, with comprehen- 
sive experience in thoracic and cardiovascular surgery, 
seeks position. Interested in starting cardiac program; pres- 
ently on staff at university center. ABS certified, ABTS re- 
quirements completed. 


Please respond to W-170, the Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 37, ABS certified, 
ABTS eligible, broad cardiac, extra pediatric cardiac train- 


, 


A-36 


ing, seeks position in cardiac, vascular, and thoracic sur- 
gery. Available now; no geographic preference. 


Please respond to W-171, The Annals of Thoracic Surgery, 
C-7079 Jniversity Hospital, Ann Arbor, MI 48109. 


Cardiovascular surgeon, 37, ABTS certified, available im- 
mediately, desires relocation to West. University trained in 
all areas of thoracic and cardiovascular surgery. In busy 
private practice 34/2 years. Primary experience in coronary 
bypass and valve surgery, but also has done general 
thoracic and vascular surgery. 


Please respond to W-172, The Annals of Thoracic Surgery, 


C-7079 Jniversity Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, ABS certified, 
completing training in ABTS-approved university program, 
June, 1=79, seeks academic position or association in group 
practice with university affiliation. Location flexible. 


Please sespond to W-173, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, 34, married, ABS and 
ABTS certified, in active private practice, wishes to relocate - 
in Sun 3elt states. 


Please sespond to W-174, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 37, ABS and ABTS certified, uni- 
versity trained, Ph.D. candidate, seeks academic position 
or association in group practice with university affiliation. 
Currently completing military obligation. Available July, 
1979, Curriculum vitae and bibliography available on re- 
quest. 


Please respond to W-175, The Annals of Thoracic Surgery, 
C-7079 Jniversity Hospital, Ann Arbor, MI 48109. 


Young, productive cardiothoracic surgeon with Boards, 
university training, extensive clinical experience, strong 
academic background, proven record at renowned clinic . 
and mæor contributions to cardiac surgery seeks relocation. 
All situations, practices, and locations considered. Avail- 
able immediately. 


Please sespond to W-176, The Annals of Thoracic Surgery, 
C-7079 Jniversity Hospital, Ann Arbor, MI 48109. 


Thoracte and cardiovascular surgeon, 38, ABS certified, 


ABTS digible, seeks association with group, partnership, 
or hospital-based practice in thoracic and cardiovascular 
surgery. Available immediately. No geographic preference. 
FLEX. 


Please tespond to W-177, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Assistant or associate professor of cardiothoracic surgery 
wantec at University of Washington School of Medicine. 
Candiéates must have outstanding clinical skills in con- 
genital heart surgery and strong academic interest in 
teachirg and research. 


Send curriculum vitae and three references to D. W. Miller, 
M.D.. Department of Surgery (RF-25), University of Wash- 
ington. Seattle, WA 98195. 


Thoracic and cardiovascular surgeon, Board eligible or cer- 
tified, wanted by group in eastern US. Practice limited to 
thoracic, cardiac, and vascular surgery. 


Please submit curriculum vitae and bibliography before we 
arrange personal interview to A-85, The Annals of Thcracic 
Surgery, C-7079 University Hospital, Ann Arbor. MI 
48109. 


Position available for assistant professor of cardiothoracic 
surgery at Southwestern Medical School. Must be Eoard 
eligible in thoracic surgery and sufficiently experienced to 
Operate independently with resident staff. Research op- 
portunities available. 


Please submit curriculum vitae to Melvin R. Platt, M.D., 
Chairman, Division of Cardio-Thoracic Surgery, 5323 Harry 
Hines Blvd, Dallas, TX 75235. Equal opportunity em- 
ployer. 


Perfusionist, extracorporeal circulation, wanted. Excellent 
opportunity for experienced pump-oxygenator technician 
in beginning clinical program of open-heart surgery. 


Please respond to J. L. Hamman, M.D., Trover Clinic, 
Clinic Drive, Madisonville, KY 42431; tel: (502) 821-7171, 
ext 323. 


Fellowship in thoracic and cardiovascular surgery available 
1979. 


Please respond to Drs. Urschel and Razzuk, Baylor Univer- 
sity Medical Center, 3500 Gaston Ave, Dallas, TX 75246; 
tel: (214) 824-2503. 


Thoracic surgeon, Board eligible or certified, wanted tc join 
an established thoracic surgeon in the Boston area. 


Please respond to A-89, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Fully approved cardiothoracic surgery residency available 
July 1, 1979. Well-rounded training program including all 
aspects of thoracic surgery. 


Please respond to A-90, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular-thoracic surgeon seeking associate to begin 
as soon as possible. Growing practice in greater Kansas 
City, MO area. 


Send reference letters with initial correspondence to Joanne 
Mehmert, Office Manager, Westowne IV Suite 205, Liberty, 
MO 64048. 


Fellowship in cardiac surgery available July 1, 1979. Ap- 
proximately 300 open-heart procedures per year, predom- 
inantly coronary bypass surgery. 


Please respond to George E. Green, M.D., 1090 Amsterdam 
Ave, New York, NY 10025. 


Thoracic and cardiovascular surgeon, Board certified or 
eligible, wanted to join active private cardiovascular and 
thoracic group in southwestern US. 


Please*respond to A-93, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon wanted. One- or 


two-year fellowship in adult and pediatric cardiac surgery. 
Strong clinical program in assisted circulation. Excellent 
benefits. 


A-37 


Please respond to A-94, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Vacancy for thoracic and cardiac surgeon as assistant pro- 
fessor in large teaching hospital. Must have genuine inter- 
est in research, clinical or laboratory. Opportunities to do 
both thoracic and cardiac surgery. 


Please respond to Donald R. Kahn, M.D., University 
of Wisconsin Center for Health Sciences, Madison, 
WI 53706. An equal opportunity/affirmative action em- 
ployer. 


Young thoracic and cardiovascular surgeon, Board eligible, 
wanted to join busy thoracic and cardiovascular practice in 
southern California city. 


Please respond to A-96, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, Board certified or intending to be 
certified shortly, invited to join established cardiac, 
thoracic, and peripheral vascular surgery service in Illinois. 


Send curriculum vitae to A-97, The Annals of Thoracic Sur- 
gery, C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, Board eligible or cer- 
tified, wanted to join established practice in medium-sized 
midwestern city. Adult cardiac, general thoracic, and vas- 
cular surgery. Association leading to partnership. — 


Send curriculum vitae to A-98, The Annals of Thoracic Sur- 
gery, C-7079 University Hospital, Ann Arbor, MI 48109. 


Approved residency in thoracic and cardiovascular surgery 
available, large metropolitan center near NYC. Active 
open-heart, general thoracic, and pacemaker programs; 
520-bed hospital. Candidate must have completed general 
surgery training. Salary of $18,200, vacation, dental plan, 
BC/BS and residence benefits. 


Please respond to A-99, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Fellowship in pediatric cardiac surgery starting July 1, 
1979. Provides experience in neonatal open and closed car- 
diac procedures at university pediatric hospital. Candidates 
must be ABTS eligible or certified. 


Send curriculum vitae to Section of Pediatric Cardiac Sur- 
gery, St. Christopher’s Hospital for Children, 5th and 
Lehigh Sts, Philadelphia, PA 19133. 





Thoracic and vascular surgeon wanted to join private prac- 
tice in mid-Atlantic coastal community. ABTS certified or 
candidate. 


Please respond to E. W. Winfrey, III, M.D., 719 J. Clyde 
Morris Blvd, Newport News, VA 23601. 





Full-time academic position in cardiothoracic surgery 
available, Instructor level. Initially half-time in research. 
Applicants must be Board eligible or certified and have 
demonstrated strong interest in surgical research and edu- 
cation and patient care. One year’s clinical experience be- 
yond residency level preferred. 


Please send complete curriculum vitae to Benson R. Wilcox, 
M.D., Chief, Division of Cardiothoracic Surgery, School of 
Medicine, University of North Carolina, Chapel Hill, 
NC 27514. An Equal Opportunity-Affirmative Action em- 
ployer. 


Preparation of Manuscript 


Illustrations 


Nomenclature and Statistics 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, ard peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by zertified or registered mail to Herbert Sloan, M.D., ` 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters zre reviewed according to the same standards as other 
contributions. Unsigned letters cannot be puilished. 


Type entire manuscript double-spaced on stardard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place au- 
thor’s name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or co-cective review. Abstracts for case reports, notes, and 
“how to do it” articles may be shorter. l 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximz-ely 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 142” margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and preportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limitto two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whont reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper’s organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinen: to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages sep=rate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use the following style and Index Medicus jcarnal abbreviations, and give complete publication 
data. Examples: 


Journal article: Munneil ER, Dilling E, Grntham RN, et al: Reappraisal of solitary bronchiolar 
(alveolar cell) carcinoma c“ the lung. Ann Thorac Surg 25:289, 1978 
Book: Baum G: Textbook of P=zlmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Grillo HC: The thorax, -n Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Lite, Brown, 1972, p 243 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Tepe double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on p2ges separate from the text. Do not paste or fasten to 
the illustrations. Provide one legend for eact. illustration or grouped illustrations and number in 
sequence. 


The Annals can consider only a limited num=er of illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 
black and white. (Color may be used only by eDecial arrangement and is subject to extra charges.) A 
line drawing that contains no shading or wash.can be reproduced well from a glossy photograph. A 
line drawing with shading, however, can be test reproduced from the original drawing. I[ustrative 
material must be of good quality, suitable fcr reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smz#er than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Dz not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value tz an article will be considered for publication. Part of 
the reproduction and printing costs will be bome by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Guidelines for Data Reporting (Ann Thorac Suzg 24:398, 1977; see also Erratum, Ann Thorac Surg 
25:35, 1978). Authors are referred to these guitlelines for appropriate terminology and methods of 
data analysis to be used in submitted manuscripts. 


Obtain and submit with the manuscript writt=n permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustraticns from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been =<mpleted will be provided at increased cost. 
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INSTRUMENT TIP DOES NOT 
PENETRATE LUNG. 


KELLOGG BIOPSY INSTRUMENT 
For Obtaining LUNG AND PLEURAL TISSUE In Diffuse Disease 


Adequate pulmonary tissue may be obtained at the patient’s bedside with a reasonably low 
incidence of pneumo thorax and negligible chance of bleeding. 


This INSTRUMENT is also used to perform a simultaneous thoracentesis and pleural biop- 
sy. 


When your patient needs an immediate diagnosis in the over 130 types of diffuse lung and 
pleura disease, use the ONLY INSTRUMENT that takes a surface biopsy 8 mm in diameter 
and 3.5 mm in depth. 


FOR MORE INFORMATION CALL OR WRITE: 


SO 


MEDINA ENTERPRISES INC. 
P.O. Box 555, Medina, Washington 98039 ®@ (206) 454-6205 





TECHNOLOGY 
O SIMPLIFY 


A PROGRAMMING 
SYSTEM THAT’S 
DIFFERENT BECAUSE 
INIZ OALIN S: 


instead of complicating your 
pacing decisions, 
MICROLITH-P’s sophisticated 
technology has simplified 
programming and follow-up. 


EASY TO USE BECAUSE 
IT’S SO VERSATILE 


Program any rate from 30 to 
119 ppm. 

Program any pulse width from 
0.1 to 1.9 ms. (.05 ms also 
available). 


MICROLITH-P provides 
unparalleled opportunity to 
respond to changing needs, yet 
because of its digital design, is 
simple to program. 





IT'S SO ACCURATE 

CPI’s custom CMOS circuitry 
and quartz crystal timing provide 
a rate so stable that your patient 
paces exactly as programmed — 
not even 1 beat off — for the life 
of the pacemaker. And all other 
pacing parameters are equally 
precise. 


MICROLITH-P’s solid-state 
digital accuracy simplifies 
programming and follow-up for 
you by eliminating guesswork 
regarding pacing rate, proper 
energy safety margins and 
elective replacement status. 


ITS SO RELIABLE 
MICROLITH-P technology 
enhances reliability in ways that 
are important to you — phantom 
programming protection, 
immediate program verification, 
runaway protection, and other 
state-of-the-art features which 
keep MICROLITH-P the leader in 
programmable pacing. 





SOPHISTICATION OF 
DESIGN FOR SIMPLIC 
OF PACING 


For further details on how 

MICROLITH-P simplifies paq 
to provide optimum patient í 
contact your CPI represente 
or call Toll-Free (800) 328-95 


lephone: (612) 631-3000 
t pardiapace, St Pai 


Alex: 29.7044 
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Cardiac Pacemakers 





Plan to visit with us at Booth 407... 





A New Book! CARDIAC PACING: A Concise Guide 
to Clinical Practice. Edited and with contributions by 
PHILIP VARRIALE, M.D., and EMIL A. NACLERIO, 
M.D., both of Cabrini Medical Center, New York, New 
York. (37 Contributors). This book is a complete review 
of the science of pacemakers, major developments and 
improvements in the field, and techniques and current 
clinical applications of cardiac pacing. It describes the 
present state of the art and is intended to meet the needs 
of those who require a useful, authoritative and funda- 
mental reference source. Eminently practical, lucidly 
written and covering the entire spectrum of cardiac 
pacing, the text underscores the fundamental elec- 
trophysiological concepts of pacing, the role of pacing in 
the management of patients with cardiac dysrhythmias, 
and methods and techniques that ensure the integrity 
and long-term success of the implantable pacemaker 
system. Clinical principles and guidelines are stressed: 
established facts are emphasized and controversial is- 
sues analyzed. Provided are ample illustrations of pacing 
techniques, methods, new power sources, and electrode 
designs. Pertinent electrocardiographic, Bundle of His, 
and electrographic recordings and descriptive charts and 
tables of electrical testing and procedures are included. 
About 300 pp. (7 x 10), illus., September 1979. 


A New Book! CORONARY ARTERY SURGERY. By 
JOHN L. OCHSNER, M.D., and NOEL L. MILLS, M.D., 
both of the Ochsner Clinic, New Orleans, Louisiana. 
Authoritative and complete in its treatment of the sub- 
ject, this book encompasses many aspects of coronary 
artery disease. Its main objective is to provide the sur- 
geon with an authoritative guide to management from 
the highly experienced point of view of the authors. The 
surgeon will find precise, clinical information presented 
in a very logical and orderly fashion that greatly en- 
hances the practical usefulness of the book. An abun- 
dance of information concerning use of the saphenous 
vein and the internal mammary artery as grafts, cannula- 
tion and extracorporeal circulation, choice of operative 
technique and site of distal anastomosis, exposure of the 
heart, methods of vascular anastomoses, and manage- 
ment of complications is presented. Many original 
drawings clearly illustrate these technical maneuvers. 
Other chapters deal with the various pathologic pro- 
cesses for which coronary artery bypass is useful, and 
the subtleties of coronary anatomy. Coronary angiog- 
raphy is treated according to the needs of the surgeon, 
correlating the angiographic and surgical findings. An- 
esthetic management and postoperative care are care- 
fully outlined. 275 pp. (7 x 10), illus., 1978, $25.00. 
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A New Book! PROGRESS IN CARDIOLOGY. 7. 
Edited by PAUL N. YU, M.D., University of Rochester 
School of Medicine and Dentistry, Rochester, New York; 
and JOHN F. GOODWIN, M.D., Royal Postgraduate 
Medical School, London, England. (16 Contributors). 
Compiling the most important concepts in modern car- 
diology, this seventh book in the series follows the pat- 
tern established in preceding volumes. The chapters, 
written by an international group of eminent inves- 
tigators and teachers, cover topics that are timely and of 
broad base, including discussions of cardiovascular re- 
flexes and autonomic variations; viral myocarditis; 
hypertension and angina; early diagnosis of coronary 
heart disease; new operations for congenital cardiac 
anomalies; and peripheral vascular disease. All chapters 
contain a generous number of illustrations and are ac- 
companied by extensive bibliographies. 228 pp. (7 x 10), 
illus., 1978, $17.00. 


CHEST PAIN: An Integrated Diagnostic Approach. 
Edited by DONALD L. LEVENE, M.D. With RONALD F. 
BILLINGS, M.D., GEOFFREY M. DAVIES, M.D., JOHN 
EDMEADS, M.D., and FREDRIC G. SAIBIL, M.D. All of 
the University of Toronto Clinic, Sunnybrook Medical 
Centre, Toronto, Ontario, Canada. (8 Contributors). 203 
pp., paperback, 41 illus., 1977, $11.00. 
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A New Book! POLICIES AND PROCEDURES OF A 
CARDIAC REHABILITATION PROGRAM: Immediate 
to Long-term Care. By PHILIP K. WILSON, Ed.D., La 
Crosse Exercise Program, University of Wisconsin-La 
Crosse; EDWARD R. WINGA, M.D. and JOSEPH W. 
EDGETT, M.D., both of Gundersen Clinic, Ltd., and 
La Crosse Lutheran Hospital; and THOMAS T. GUSHI- 
KEN, Ph.D., La Crosse Exercise Program, University of 
Wisconsin-La Crosse, La Crosse, Wisconsin. Taking a 
highly practical approach, this book deals with the or- 
ganizational and administrative details in establishing 
and running an effective cardiac rehabilitation program. 
It is an operational manual which provides information 
on records and forms used in daily operation, patient 
acceptance criteria, fees and billing procedures, and 
staff selection. Designed to serve the purpose of preven- 
tion, intervention, and rehabilitation. 253 pp. (7 x 10), 
200 records and torms, paperback, 1978, $12.00. 


MECHANICAL CONCEPTS IN CARDIOVASCU- 
LAR AND PULMONARY PHYSIOLOGY. By JERRY 
FRANKLIN GREEN, Ph.D., University of California 
School of Medicine, Davis. 166 pp. (51/4 x 73/4), illus., 
paperback, 1977, $10.00 


You can examine any of these books at the Ameri- 
can Association for Thoracic Surgery meeting, 
Booth 407, Boston, Massachusetts, April 30-May 
2, 1979. Or order them now on 30 day approval. 


600 South Washington Square/Philadelphia, Pa. 19106 
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cautiously and only when necessary. 


Usage in Pregnancy —Safety for use during pregnancy has not been 
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status is recommended. Patients with impaired renal function should be 
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centrations. Consult prescribing information. 


If thrombophlebitis or superinfection occurs. take appropriate mea- 
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tenderness, elevation of temperature, reactions resembling serum sick- 
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Blood Flowmeter 
System 


CLINIFLOW provides the most widely accepted 
clinical blood flow measurement system available. 
It is designed specifically for clinical applications 
where patient safety and simplicity of operation 
are of paramount importance. 





The system is available with a two-channel 
recorder for simultaneous measurement of 
pulsatile and mean flow. 


CME also offers the industry's widest variety of 
pre-calibrated blood flow probes to fit almost 
any application. Write or call for full information. 


CME... first in flowmetry. 
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The lonescu-Shiley Pericardial Xenograft... 
performance as a function of desig 


When compared to other tissue valves available, the lonescu- 
Shiley Pericardial Xenograft has shown superior hydraulic 
function in the smaller sizes normally required for the narrow 
aortic root. The superior hydraulics result from precision in both 
the design and fabrication of the prosthesis. 


The lonescu-Shiley Pericardial Xenograft consists of 3 equal 
cusps mounted on asymmetrical stent covered with Dacron” 
cloth. The tissue selected for mounting meets exacting specifi- 
cations for uniformity in thickness. Individual cusp shape is 
accurately determined by a precise pre-cut pattern of pericardial 
tissue. The fabrication technique produces uniformity and 
consistency in valve function so that a full-open, symmetrical 
flow orifice is created even at low flow rates, as depicted in the 
photos shown. For information on comparison studies of the 
lonescu-Shiley valve to other tissue valves, please contact your 
Shiley representative or call: 


=. Shiley Sales Corp. 
17600 Gillette Avenue 
Irvine, California 92714 


(714) 979-0504 
(800) 854-3683, -3684 


Pulsatile Flow, mis/second, at Peak of Diastole. Shiley Sales Corp. 1978 
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In antisepsis, there is no in-between. 
Pathogens are destroyed or they 
survive. That is why hospital 
antisepsis is no place for compromise 
with the quality of an antiseptic. Just 
one pathogen species missed by 

an antiseptic can cause serious 
problems. 


With BETADINE Microbicides, you 
are assured of maximum antiseptic 
protection, confirmed by more than a 
billion applications to date. BETADINE 
Microbicides kill a broad spectrum of 
pathogens—both gram-positive 

and gram-negative bacteria (including 
antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts. 
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After nine years and thousands of procedures, 

PROLENE suture continues to prove its clinically important 
qualities and characteristics: Monofilament smoothness, 
strength, pliability, knot security and resistance to 





ETHICON 


INDICATIONS — PROLENE Polypropylene Suture. U.S.P. may be used wherever Nonabsorbable Surgical Suture, U.S.P. is recommended. Due to its relative 
biological inertness. it is recommended for use where the least possible suture reaction is desired. As a true monofilament, PROLENE Polypropylene Suture, U.S.P. 
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The inside storyof 
stimulation threshold 
and QRS strength. 


As told by 
the human heart. 


Vitatest is a sophisticated testing instrument that tells 
you at a glance all the intracardiac measurements 
you need to know during lead implantation. 

It works with two rows of lights, arranged in 
vertical arrows. One lets you determine stimulation 
threshold in mA or V. Easy-to-read flashing lights 
indicate high-low trends. 

The other gives you instant QRS signal 
strength as seen by the implanted pacemaker. 

A simpler, more effective way to test. 

Vitatest can also function as an external pulse 
generator in both ventricular inhibited and asynchro- 
nous modes. Overdrive pacing up to 380 ppm. 

Another important aspect of our Vitatest is 
patient safety. There is a locking mechanism that pre- 
vents inadvertent changing of output characteristics. 
Plus, special audio-visual alerts for both battery deple- 
tion and input interference. 

Human engineered and tough enough for use 
in any environment. 

For detailed specifi- 
cations, write Vitatron 
Medical b.v., PO Box 76, 

Kanaalweg 24, Dieren, 
The Netherlands. In the 
United States: Vitatron 
Medical Inc., One 
Gateway Center, Newton, è 
MA 02158. 
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... You can now do with two, and CARDIOTEST™. New from CPI., 
CARDIOTEST is an easy-to-operate pushbutton instrument that is 
really three devices in one: a threshold analyzer, a pacer tester and a 
noninvasive pacer monitor. Its the compact answer to all your pace- 
maker analysis needs — both during and after implant. 


Pushbutton operation makes CARDIOTEST simple to use. And the 
self-explanatory faceplate is clearly divided into the three functional 
areas for precise and reliable operation. The large dispay area allows 
quick identification of numerical values and units of measurement 
(pom, ms, v, MA, KQ, mv). 


With CARDIOTEST, you can measure thresholds at the implantable 
pacer’s pulse parameters... for a start. You can also test lead 
system resistance, R-wave amplitude, and implantable pacer output 
characteristics. 


A range of special test functions not offered by most other pacer 
analyzers includes: 

Demand pacing option during threshold testing 

Measurement of implantable pacer sensitivity 

Implantable pacer refractory period measurement 

Simultaneous patient pacing during test operations 

Noninvasive, postoperative measurement of rate, interval and pulse 

width 


The highly visible display quickly verifies all dial settings on CARDIO- 
TEST, so mechanical setting inaccuracies are eliminated. Extreme 
precision of actual measurements is achieved through crystal 

— Controlled timing and state-of-the-art digital logic circuit techniques. 
What appears on the display is what's actually occurring within the 
patient’s pacing system. 
For accurate, complete, yet simply performed analyses, CARDIOTEST is 
thè answer. 


For additional information on how CARDIOTEST can provide simple 
solutions to your pacemaker analysis needs, contact your CPI repre- 
sentative or call Toll-Free (800) 328-9588. 


Cardiac Pacemakers. Inc D z 
4100 North Hamline Avenue 
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St. Paul, Minnesota 55164, U.S.A K 
INVOLVED IN MANKIND 

c 1979 Cardiac Pacemakers, Inc > 





PY paces & 
Scat oo 


eee Bias pA 


ZA 
x> 


p n5 i =! y 
. is K E): Sa Kit 


= 


{ 
3 
= 
al 





RE 
BRUNSWICK 


Malleable wire 
insert maintains 
position without 
painful pleural 
fixation sutures 








Patented Sentinel 
Eye® bisects radio- 
paque Sentinel Line® 
for x-ray 

location of eyes 











Depth marks Beveled connector Permanent angle Puncture site, no Catheter and sharp 


at 5 cm. intervals eases passage helps relieve larger than trocar enter 
through chest wall catheter pressure catheter chest with 
against lung minimum trauma 


SS 
= 


The Standard of Excellence 


e 


S aa 








ss 


Argyle sets the standard... nine out of ten disposable chest tubes used 

are Argyle catheters. Thin-wall Argyle catheters, made of thermo- 

sensitive, non-porous, non-pyrogenic, transparent vinyl, have satin- 
. smooth eyes and tips. Packaged sterile in sturdy Rigidpaks. 


For added convenience and safety, use Argyle catheters 
with Argyle “Double-Seal”™ chest drainage unit, shown else- 
where in this journal. 


Ask your Argyle representative about a trial evaluation of St. Louis, MO 63103 
the most complete line of thoracic catheters available or 
write department A.K. for additional information. 0550 
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CPrs NEW POROUS TIP 
LEAD: THE PROBLEM SOLVER. 


CPI addressed the problem of 
lead dislodgement and designed 
the problem solver: a unique 
porous electrode. The tip 
consists of a platinum-iridium 
screen covering a mesh ball of 
the same alloy. Optimally-sized 
fibers give 85-90% porosity so 
tissue ingrowth knits the tip to 
the endocardium. Within 24 
hours post-implant, the 


electrode begins its embedment. 


Clinical studies have demon- 
strated markedly reduced 
dislodgement with the porous tip 
lead. In animal trials, the 
dislodgement rate was signif- 
icantly lower than the solid tip 
control group.' 


Histologic studies show tissue 
ingrowth in the acute phase, 
resulting in a secure electrode- 
tissue bond chronically, with a 
noticeably thinner and more 
Structured fibrotic capsule that 
increases sensing capability. 


For pacing the 7.5mm?tip offers 
reduced current drain, increas- 
ing the longevity of constant 
voltage pulse generators. 


For sensing the tip’s porosity 
allows maximum use ofthe 
effective sensing area—more 
than 50mm?—on exterior and 
interior surfaces. Presence of 
tissue and fluid within the tip 
reduces polarization losses. The 
electrode transmits a larger R- 
wave, so it offers a sensing 
advantage. 


The platinum-iridium mesh 
fibers are 25m in diameter, 
approximating cardiac cell size 
and thus minimizing tissue 
reaction.? The electrode 
becomes an integral part of the 
endocardium. Similar success 
has been experienced with 
Dacron fibers of the same size 
used in artificial heart valves. 


Biocompatible size and quick 
stabilization mean the electrode 
causes very little endocardial 
irritation. Our histologic studies 
reveal that the fibrotic capsule 
surrounding the porous tip is 
significantly thinner than the 
capsule around a solid tip. The 
capsule is typically more 
Structured, further indication of 
this electrode’s biocompatibility. 


Slimming the fibrotic capsule has 
significant results—the cardiac 
signal amplitude and slew rate 
remain high, so the lead senses 
reliably in the chronic phase. 


Low Dislodgement Rate... 
Efficient Sensing and 
Pacing...the Problem 
Solver from CPI. 


Shown 24 hours post-implant, a cross- 
sectional 100X magnification of the 
porous tip-canine tissue interface. A 
fibrinoid collagen capsule has pene- 
trated the outer lattice. Optimally 
spaced platinum-iridium fibers have 
allowed electrode ingrowth to begin. 


Shown five months post-implant, a 
cross sectional 100X magnification of 
the porous tip-canine tissue interface. 
Dense connective tissue has penetrated 
the intraelectrode spaces. The fibrotic 
capsule measures about 300 micronsin -- 
thickness. 





CPI POROUS TIP ENDOCARDIAL 
LEADS Models 4115, 4116 and 
4117 are available in 52, 59 and 
85 cm lengths, respectively. All 
are unipolar, with double-wound 
conductors of corrosion 
resistant MP35N nickel alloy. 
Silicone rubber sheaths the 
conductors and ends in a flange 
behind the porous platinum- 
iridium tip. The outer screen of 
fibers 40um in diameter secures 
the electrode mechanically and 


assures less traumatic bonding 
with endocardial tissue. Fibers 
of the interior mesh are 25m in 
diameter to reduce tissue 
reaction and promote sensing. 
The unique porous tip is 
constructed by an advanced 
bonding technique, which fuses 
the wire bonds and maintains the 
integrity of the platinum-iridium 
electrode without compromising 
the random configuration. 
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ANNOUNCEMENT 


Message from the Editor 


The Annals of Thoracic Surgery is pleased to an- 
nounce the addition of four new members to its 
Editorial Board: 


John R. Benfield, M.D., Chairman, Division 
of Surgery, City of Hope Medical Center, 
Duarte, and Clinical Professor of Surgery, 
UCLA School of Medicine, Los Angeles, CA 


Richard C. Cleveland, M.D., Professor and 
Chairman, Department of Surgery, Tufts 
University School of Medicine, and Director 
of Surgical Services, New England Medical 
Center Hospital, Boston, MA 


Sidney Levitsky, M.D., Professor of Surgery 
and Chief, Division of Cardiothoracic Sur- 
gery, University of Illinois Medical Center, 
Chicago, IL 


Stanton P. Nolan, M.D., Professor and 
Surgeon-in-Charge, Division of Thoracic- 
Cardiovascular Surgery, Department of Sur- 
gery, University of Virginia Medical Center, 
Charlottesville, VA 


At the same time, Jay L. Ankeney, M.D., 
David J. Dugan, M.D., Watts R. Webb, M.D., 
and Milton J. Weinberg, Jr., M.D., are retiring 
from the Editorial Board. These four physicians 
will receive certificates of recognition from The 
Society of Thoracic Surgeons for their many 
years of excellent and valuable service. 

Richard M. Peters, M.D., currently a Board 
member, has been made an Assistant Editor 
and will assume the responsibilities of Book 
Review Editor. 


EDITORIAL 


Thoracotomy and Pulmonary Metastases 


Edward J. Beattie, Jr., M.D. 


In an article in this issue of The Annals (p 295), 
Mathisen and co-workers report their experi- 
ence with pulmonary metastases from melan- 
oma and review the world literature. They 
found thoracotomy effective for staging but 
had no 5-year survivors. Ever since Barney and 
Churchill’s [1] success in curing a kidney cancer 
metastatic to the lung, chest surgeons have rec- 
ognized that a cancer with a solitary lung 
metastasis is not hopeless. Had Churchill not 
performed a lobectomy serendipitously before it 
was realized that the lung disease was meta- 
static from an occult kidney cancer, the curabil- 
ity of a solitary metastasis might not have been 
discovered until later. 

Unfortunately, most pulmonary metastases 
are multiple and usually bilateral. Because of 
this distribution, surgeons had rightfully been 
pessimistic about cure. In 1971, Martini and as- 
sociates [3] reported our experience with multi- 
ple pulmonary metastases from osteosarcoma. 
In 22 of 28 children the lungs were cleared of 
gross tumor. Ten of the 22 were alive 3 years 
after operation, and 6 are alive 10 years later. 
Two patients who had 4 and 6 thoracotomies, 
respectively, are both free from disease at 10 
years. Based on this experience, we expanded 
our attack to almost any type of tumor meta- 
static to the lungs provided the primary tumor 
was controllable and provided the lungs could 
probably be cleared of tumor. Twenty-five per- 
cent of more than 400 patients were 5-year sur- 
vivors. 

In 1973, Cahan [2] reported our experience 
with metastases from melanoma. Patients with 
solitary metastases had a 5-year survival of 15%. 
In 1979, McCormack and Martini [4] updated 
our experience with 448 patients operated on 
for pulmonary metastases. Forty had melanoma 
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and underwent a total of 48 thoracotomies. There 
were also 4 pneumonectomies, 20 lobectomies, 
and 20 wedge resections or segmentectomies. 
Overall, the 5-year survival was 20%, but only 
with solitary metastases. 

Cutaneous melanoma metastases can re- 
spond to BCG vaccine alone. This response oc- 
curred in 20% of the patients we treated. Our 
present investigations into pulmonary meta- 
static melanoma involve attempts to grow 
melanoma cultures in the test tube, to identify 
possible tumor antigens, and to develop spe- 
cific immunotherapy techniques. If these ex- 
periments succeed, a prime role of the thoracic 
surgeon could be to remove all melanoma pos- 
sible from the lungs. It would be used to grow 
cultures which, in turn, would be used to 
provide immunotherapy. Also needed is effec- 
tive chemotherapy against metastatic melan- 
oma. Patients with metastatic osteosarcoma 
with showers of tumor in the lungs were for- 
merly considered untreatable. Now, with effec- 
tive chemotherapy combined with repeated 
thoracotomies to remove resistant tumor, we 
have established a 5-year survival of 35% for 
these patients. 

Thoracotomy does have an important role in 
the treatment of pulmonary metastases from 
melanoma. 
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ORIGINAL ARTICLES 


The Role of Thoracotomy in the Management 
of Pulmonary Metastases from Malignant Melanoma 


Douglas J. Mathisen, M.D., M. Wayne Flye, M.D., and Joseph Peabody, M.D. 


ABSTRACT Thirty-three patients over a 21-year pe- 
riod underwent thoracotomy for resection of sus- 
pected pulmonary metastases from malignant 
melanoma. Eleven patients were found to have 
nonmalignant disease (Group 1); 10 were found to 
have unresectable disease (Group 2); and 12 were 
rendered disease-free (Group 3). Of the patients 
found to have melanoma, 20 of 22 received post- 
operative chemotherapy. The median survival of the 
patients in Group 2 was 10.5 months (3 to 20 
months); in Group 3 it was 12 months (3 to 35 
months). There were no 5-year survivors. No factors 
distinguished the three groups preoperatively. Sur- 
gical resection still offers the greatest chance for 
long-term survival, based on reports of patients in 
the literature who have survived longer than 5 years 
following resection of pulmonary metastases from 
melanoma. Thoracotomy is especially useful for 
staging purposes in those patients found to have no 
metastatic disease. 


Malignant melanoma has the propensity to 
metastasize to virtually every organ in the body 
[27]. One of the most frequently involved or- 
gans is the lung. In one large series of patients 
with melanoma, there was a 30% incidence of 
clinically detectable pulmonary metastases [27] 
and an 80% incidence confirmed at postmortem 
examination [9, 27]. Das Gupta [9] clinically 
found the lung to be the only site of metastatic 
disease in 45 of 652 patients (7%) with docu- 
mented stage III disease. 

The onset of pulmonary metastases usually 
portends a grave prognosis. In 15 untreated pa- 
tients who had pulmonary metastases from 
malignant melanoma, Minor [25] reported that 
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the average time from when the patient was 
first seen to death was 4.1 months. The com- 
mon therapeutic approach involves chemother- 
apy, immunotherapy, or a combination of the 
two. In one series of 426 patients with mel- 
anoma who were treated with chemother- 
apy for disseminated disease, 39 (9%) were 
found to have pulmonary metastases exclu- 
sively [12]. The median survival of these 39 pa- 
tients was 10 months, with no long-term sur- 
vivors reported. 

Because of the infrequent occurrence of iso- 
lated pulmonary metastases from melanoma, 
the role of surgery has been poorly defined. 
In contrast to the metastatic sarcomas, which 
tend to localize in the lungs [1, 2, 23, 24, 37, 39], 
this infrequent occurrence of isolated pulmo- 
nary metastases probably represents a basic 
difference in the metastatic biology of mel- 
anoma, which tends to involve other organs 
simultaneously with the lung. Because of the 
large number of patients with melanoma seen 
at the National Institutes of Health, thora- 
cotomy is often performed to obtain patholog- 
ical confirmation of suspected pulmonary 
metastases and to attempt to render the patient 
disease-free. In an effort to determine the effi- 
cacy of resection of pulmonary metastases from 
malignant melanoma, all patients undergoing 
thoracotomy from January 1, 1957, to January 1, 
1978, for presumed metastatic melanoma con- 
fined to the lung were analyzed retrospectively. 


Materials and Methods 

In the 21-year period studied, 33 patients with 
a history of malignant melanoma underwent 
thoracotomy for evaluation of pulmonary nod- 
ules. All but 1 of these patients were operated 
on after 1970. For 14 of the patients, the lesion 
was detected by chest roentgenogram; for the 
remaining 19, the lesion was seen only on full 
lung tomography. All patients underwent a 
metastatic workup before operation, which 
usually included bone, brain, and liver scan, 
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full lung tomography, and liver function stud- 
ies. Before operation, all lesions were consid- 
ered to be resectable. 


Results 

Based on the findings at thoracotomy, we were 
able to divide the 33 patients into three groups. 
Group 1 consisted of those patients who were 
found not to have malignant disease; Group 2 
consisted of those patients considered to have 
unresectable tumor; and Group 3 consisted of 
those patients who had all gross disease re- 
sected. Groups 1 and 3 could not be differenti- 
ated at the time of operation since all palpable 
disease was resected and the presence or ab- 
sence of melanoma could be determined only 
after pathological examination. 

The patients in the three groups were very 
similar in age and sex. The stage of disease be- 
fore thoracotomy was also very similar (Table 
1). The patients in Group 1 had a shorter me- 
dian interval from primary diagnosis to the 
finding of possible pulmonary metastases than 
did those in the other two groups (Table 2); this 
reflects the fact that for 4 of 11 patients in Group 
1 the lesion was discovered during initial 
evaluation at the National Cancer Institute. 
There were more patients with primary mel- 
anoma of the head, neck, and trunk in Group 
3 (10 of 12) than in the other two groups (11 
of 21). 

In Group 1, 11 patients had pulmonary nod- 
ules that were not melanoma. Five had gran- 
ulomas; 2, anthracotic nodes; 1, inflamma- 
tory disease; 1, hemangioma; and 2, negative 
exploration. At the time of operation, 6 of these 
11 were found to have more nodules than had 
been seen previously by either chest roent- 
genogram or full lung tomography. Of particu- 
lar interest is the fact that 7 of the 11 patients 
had had previous full lung tomograms reported 
as negative. 

The 10 patients in Group 2 were considered 
to have unresectable tumor for four reasons. Six 
of them had diffuse parenchymal metastases; 2, 
bilateral pulmonary disease; 1, positive margin 
after lobectomy; and 1, involvement of a major 
vascular structure. The number of nodules sus- 
pected preoperatively in these patients ranged 
from one to five, but all patients were found to 


Table 1. Stage of Disease at Time of Thoracotomy 
scene acta ea esis ose te nl 





No. of 

Group Patients 
Group 1 

Stage I 2 

Stage II 

Stage III 1 
Group 2 

Stage I 6 

Stage II 4 

Stage III 0 
Group 3 

Stage I 6 

Stage I 6 

Stage MI 0 





Stage I = primary lesion; stage II = regional nodes; stage III 
= disseminated disease—more than one group of lymph 
nodes involved. 


Table 2. Interval in Months 
from Primary Treatment 





Interval (mo) 


Group Average Range Median 
1 22.5 0-108 10 

28.5 0-91 22 
3 24.5 0-96 15.5 





have much more extensive disease than had 
been appreciated radiographically. All patients 
in this group received some form of chemother- 
apy or immunotherapy postoperatively. Me- 
dian survival was 10.5 months (range, 3 to 20 
months). 

There were 12 patients in Group 3 who were 
rendered disease-free. Seventeen operations 
were performed on these 12 patients: 15 wedge 
resections, 1 lobectomy, and 1 pneumonectomy 
(performed for a golf-ball-sized lesion at the 
hilus of the lung; the patient survived 35 
months). There were 4 patients who had more 
than 1 thoracotomy: 2 with bilateral disease, 1 
with recurrent disease, and 1 with bilateral dis- 
ease and subsequent recurrence. In only 4 pa- 
tients was more disease found at the time of 
thoracotomy than had been appreciated on pre- 
operative full lung tomography. In 5 patients, 
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Table 3. Number of Nodules Found in Group 3° 


eT 


No. of No. of 
Nodules Nodules 
Suspected No. of Found at No. of 
Preop- Cases Thora- Cases 
eratively Suspected cotomy Found 
1 7 1 8 
2 4 2 2 
3 1 3 2 
4 0 4 2 
5 4 5 2 
>S 1 >5 1 
Total 17 17 


a 


aSeventeen thoracotomies performed on 12 patients. 


unsuspected benign lesions were found in ad- 
dition to the malignant lesions seen by tomog- 
raphy. The actual number of metastatic lesions 
found at thoracotomy and the number of nod- 
ules suspected before the 17 thoracotomies by 
full lung tomography are listed in Table 3. The 
median survival for Group 3 was 12 months 
(range, 3 to 35 months). There were 10 patients 
in this group who received some form of post- 
operative chemotherapy; median survival was 
13 months. 


Comment 
The value of aggressive surgical treatment of 
pulmonary metastases from different types of 
tumor, in conjunction with chemotherapy, has 
been reported for multiple lesions as well as for 
recurrent pulmonary disease [2:7 -ekpaey D1) OF 
39]. Evidence for this approach to pulmonary 
metastases for melanoma has been limited and 
contradictory. Eighty-six patients who under- 
went pulmonary resection for metastatic mel- 
anoma have been collected from a number 
of series treating pulmonary metastases from a 
variety of primary tumors (Table 4) [1, 3, 4, 6-8, 
10, 11, 13-22, 26, 28-36, 38, 40-44]. Survival 
data available for 71 of the 86 patients are as 
follows: 10 patients (14%) survived less than 1 
year; 32 (45%) survived 1 to 2 years; 14 (20%) 
survived 2 to 5 years; and 15 (21%) survived 
longer than 5 years. 

Of the 5-year survivors, 2 patients had 2 
thoracotomies and 2 patients were reported as 


Table 4. Collected Literature: 
Survival by Number of Lesions 





Length of No. of 
Survival Patients 
< 1 year 
Solitary lesion TE 
? 10 
Multiple lesions 
1-2 years 
Solitary lesion 9 
? 12 
Multiple lesions 11 
2-9 years 
Solitary lesion 7 
? 
Multiple lesions 1 
> 5 years 
Solitary lesion 7 
? 6 
Multiple lesions 2 





? = unknown. 


having multiple lesions [8, 41, 42]. Length of 
survival as related to the number of nodules 
found at operation was not available for all pa- 
tients, but, as would be assumed, resection of 
solitary lesions offers the greatest chance for 
prolonged survival. 

Of the 86 patients, 14 (16%) were reported to 
have positive hilar or mediastinal nodes or 
both, possibly representing metastases from 
metastases [4, 17, 32, 41, 44]. It is of interest that 
2 of the 5-year survivors had positive hilar 


- nodes found at pathological examination of the 


specimen [4]. 

Except for the report by Cahan [4], the value 
of resection of pulmonary metastases from 
melanoma has been regarded with pessimism. 
However, analysis of the available literature re- 
veals that prolonged survival does occur occa- 
sionally after pulmonary resection and only 
very rarely, if at all, with other therapeutic 
modalities. 

Our results have been discouraging, with 
only 1 patient surviving for more than 2 years 
following thoracotomy (35 months) of those 12 
patients with resectable disease. The median 
survival of all patients found to have metastatic 
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melanoma (22 of 33) was 11.5 months (3 to 35 
months). The median survival of those patients 
receiving postoperative chemotherapy or im- 
munotherapy (20 of 33) was 12 months (3 to 35 
months). It was especially discouraging that the 
median survival for patients receiving post- 
operative chemotherapy or immunotherapy 
was virtually identical whether all disease was 
resected or not (13 versus 10.5 months). 

We were not able to identify any factors be- 
fore operation, including the use of full lung to- 
mography, that would allow us to determine 
which patients were likely to have nonmalig- 
nant disease, unresectable disease, or resect- 
able disease. Computerized axial tomography 
has proved to be more sensitive than conven- 
tional tomography in detecting pulmonary 
nodules [5]. However, the former is more 
nonspecific and seems unlikely to be able to 
distinguish preoperatively between benign and 
malignant lesions and resectable versus unre- 
sectable disease. Thoracotomy is invaluable for 
answering these questions. 

At the time of operation, all palpable nodules 
should be resected. This procedure is sim- 
plified by the use of the automatic stapler 
(US Surgical Instruments). For metastatic dis- 
ease, a margin of normal lung is all that is 
needed; only rarely is lobectomy or pneumo- 
nectomy required. The hilus and mediasti- 
num should be carefully examined and biopsy 
specimens should be taken of any suspicious 
node. Using this approach, we have had no 
surgical mortality and an acceptable mor- 
bidity. Most patients have been discharged 
within one week after operation. Chemother- 
apy is indicated for those patients whose dis- 
ease is found to be unresectable. Methyl-CCNU, 
1 - (2 - chloroethyl) - 3 - (4 - methylcyclohexy]) - 1 - 
nitrosourea, and DTIC, dimethyltriazeno im- 
idazole carboxamine, have been the agents 
most frequently employed (a 20% response rate 
overall). The question of the role of chemother- 
apy in those patients who have had resection of 
all detectable disease is unresolved at present 
and is currently under examination. 

After a thorough metastatic workup, an ex- 
ploratory thoracotomy in patients with sus- 
pected pulmonary metastases is indicated, not 
only in an attempt to cure the patient but also to 


spare those patients without metastases the risk 
of chemotherapy. Until more effective chemo- 
therapy is found, surgical resection remains the 
best chance for cure in a very limited number of 
patients. 


References 


1. Alexander J, Haight C: Pulmonary resection for 
solitary metastatic sarcomas and carcinomas. 
Surg Gynecol Obstet 85:129, 1947. 

2. Beattie EJ Jr, Martini N, Rosen G: The manage- 
ment of pulmonary metastases in children with 
osteogenic sarcoma with surgical resection com- 
bined with chemotherapy. Cancer 35:618, 1975 

3. Brown J: The results of resection of pulmonary 
metastases. Med J Aust 1:496, 1963 

4. Cahan W: Excision of melanoma metastases to 
lung. Ann Surg 178:703, 1973 

5. Chang AE, Rosenberg SA, Conkle DM, et al: 
Detection of pulmonary metastases by CT. 
Cancer (In press) 

6. Choksi L, Takita H, Vincent R: The surgical 
management of solitary pulmonary metastases. 
Surg Gynecol Obstet 134:479, 1972 

7. Clifton E, Das Gupta TK, Pool J: Bilateral pulmo- 
nary resection for primary or metastatic lung 
cancer. Cancer 17:86, 1964 

8. Cline R, Young WG: Long-term results following 
surgical treatment of metastatic pulmonary 
tumors. Am Surg 36:61, 1970 

9. Des Gupta TK: Metastatic melanoma: a clinico- 
pathologic study. Cancer 17:1325, 1964 

10. Edlich RF, Shea MA, Foker JE, et al: A review of 
26 years experience with pulmonary resection for 
metastatic cancer. Dis Chest 49:587, 1966 

11. Ehrenhaft J, Lawrence M, Sensenig D: Pulmo- 
nary resections for metastatic lesions. AMA Arch 
Surg 77:606, 1958 

12. Einhorn L, Burgess MA, Vallejos C, et al: Prog- 
nostic correlations and response to treatment in 
advanced metastatic malignant melanoma. 
Cancer Res 34:1995, 1974 

13. Fallon R: Operative treatment of metastatic pul- 
monary cancer. Ann Surg 166:263, 1967 

14. Gleidman M, Horowitz S, Lewis J: Lung resec- 
tion for metastatic cancer. Surgery 42:521, 1957 

15. Groves L, Effler D: Surgery for metastatic neo- 
plastic disease in the lung. Cleve Clin Q 23:16, 
1956 

16. Habein H, Clagett T, McDonald J: Pulmonary re- 
section for metastatic tumors. Arch Surg 78:716, 
1959 

17. Higginson J: A study of excised pulmonary 
metastatic malignancies. Am J Surg 99:241, 1955 

18. Hood R, McBurney R, Clagett T: Metastatic 
malignant lesions of the lungs treated by pulmo- 
nary resections. J Thorac Surg 30:81, 1955 


299 Mathisen, Flye and Peabody: Thoracotomy for Pulmonary Metastases from Melanoma 


19. 


20. 


ai. 


22. 


23 


24. 


25; 


26. 


27. 


28. 


29. 


30. 


31. 


Jensik R, Hazel W: The surgical treatment of 
metastatic pulmonary lesions. Surgery 43:1002, 
1958 

Johnson R, Lindskog G: 100 cases of tumor meta- 
static to lung and mediastinum. JAMA 202:112, 
1967 

Kelly C, Langston H: The treatment of metastatic 
pulmonary malignancy. J Thorac Surg 31:298, 
1956 

Kergin F: The treatment of secondary tumors of 
lung. Surg Gynecol Obstet 99:115, 1954 
Marcove RC, Lewis MM: Prolonged survival in 
osteogenic sarcoma with multiple pulmonary 
metastases: a case report and review of the liter- 
ature. J Bone Joint Surg [AM] 55:1516, 1973 
Martini N, Huvos AG, Miké V, et al: Multiple 
pulmonary resections in the treatment of os- 
teogenic sarcoma. Ann Thorac Surg 12:271, 1971 
Minor G: A clinical and radiologic study of meta- 
static pulmonary neoplasms. J Thorac Surg 20:34, 
1950 

Moersch R: Pulmonary resection for metastatic 
tumors of the lung. Surgery 50:579, 1961 
Nathanson L: Biologic aspects of human malig- 
nant melanoma. Cancer 20:650, 1967 

Neifeld J, Michaelis L, Doppman J: Suspected 
pulmonary metastases. Cancer 39:383, 1977 
Ochsner A, Rush V: Treatment of pulmonary 
metastatic disease. Surg Clin N Am 46:1469, 
1966 

Parker R: The treatment of apparent solitary 
pulmonary metastases. J Thorac Surg 36:81, 1958 
Payne S, Clagett T, Harrison E: Surgical man- 
agement of bilateral malignant lesions of the 
lung. J Thorac Cardiovasc Surg 43:279, 1962 


a: 


a3. 


35. 


36. 


37 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Polk J, Bailey A, Kalagayan H: Definitive surgery 
for metastatic lesions to the lung. Am J Surg 
110:737, 1965 

Rowlandson R: The surgical treatment of pulmo- 
nary metastases. Br J Tuberc 52:190, 1958 


. Seiller H, Clagett T, McDonald J: Pulmonary re- 


section for metastatic malignant lesions. J Thorac 
Surg 19:655, 1950 

Sellors T: Treatngent of isolated pulmonary 
metastases. Br Med J 2:253, 1970 

Sethi S, Saxton G: Osteoarthropathy associated 
with solitary pulmonary metastasis from mel- 
anoma. Can J Surg 17:221, 1974 

Shah A, Exelby PR, Rao B, et al: Thoracotomy as 
adjuvant to chemotherapy in metastatic os- 
teogenic sarcoma. J Pediatr Surg 12:983, 1977 
Strieder J: Surgical management of neoplastic 
pulmonary metastases. New Engl J Med 254: 
1059, 1956 

Telander RL, Pairolero PC, Gilchrist GS, et al: 
Resection of pulmonary metastatic osteogenic 
sarcoma in children. Surgery 84:335, 1978 
Thomford N, Woolner L, Clagett T: The surgical 
treatment of metastatic tumors in the lungs. J 
Thorac Cardiovasc Surg 49:357, 1965 

Turney S, Haight C: Pulmonary resection for 
metastatic neoplasms. J Thorac Cardiovasc Surg 
61:784, 1971 

Vidne B, Richter LM: Surgical treatment of soli- 
tary pulmonary metastasis. Cancer 38:2561, 1976 
Wheatley A, Howard N: The surgical treatment 
of lung metastases. Br J Surg 54:364, 1967 
Wilkins E, Burke J, Head J: The surgical man- 
agement of metastatic neoplasms in the lung. J 
Thorac Cardiovasc Surg 42:298, 1961 


Bone Scanning in the 


Evaluation of Patients with Lung Cancer 
Antonio T. Donato, M.D., E. Gifford Ammerman, M.D., 


and Otoniel Sullesta, M.D. 


ABSTRACT Sixty patients suspected of having 
lung cancer were evaluated for bone metastasis by 
means of technetium 99m stannous-polyphosphate 
bone scanning and correlative radiographic bone 
survey. Diagnosis of lung cancer was histologically 
proved in all patients. Scans demonstrated evidence 
of bone metastasis in 20 patients (33.4%) and radio- 
graphs, in 10 patients (16.6%). Twenty-four patients 
had repeat skeletal evaluation at one to eleven 
months after the first study. Of these patients, 7 ini- 
tially demonstrating both negative scans and radio- 
graphs showed abnormal scans within five months. 
Bone scans correlated with radiographs in 53.3% and 
with accompanying bone pain in 33.3% of patients. 
False negative and false equivocal results were noted 
in 4 patients. 

This study suggests that bone scanning with "Tc 
stannous-polyphosphate detected early bone meta- 
stasis in patients with lung cancer before these le- 
sions became evident clinically or radiographically. 
Bone scanning is of value during the initial evalu- 
ation to determine operability in patients with 
lung cancer. 


Cancer of the lung continues to be a diagnostic 
and therapeutic challenge to thoracic surgeons 
despite sophisticated investigative procedures, 
refined surgical techniques, and improved ra- 
diotherapy. Surgical resection may offer the 
highest probability of cure in patients with 
lung cancer. However, the overall five-year 
survival rate still exceeds the 18.2% reported 
recently by Stanford and colleagues [14]. Fre- 
quently, cancer has spread beyond the confines 
of the therapeutic field at the time of diagnosis. 
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Paulson [11] reported that only 15% of lung 
cancer is localized, 30% has regional involve- 
ment, and more than 55% has distant metas- 
tasis during initial workup. 

Postmortem reports on the incidence of bone 
metastasis from lung cancer range from 21.3 to 
32.5% depending on the extensiveness of the 
postmortem examination [1, 9]. Rimondi and 
associates [13] reported an average incidence of 
14.4% skeletal involvement in 4,436 patients 
with lung cancer who had radiographic bone 
survey. Early identification of latent bone 
metastasis is of value in the preoperative evalu- 
ation of patients with cancer of the lung. 

This paper reports our clinical experience 
with 60 consecutive patients with lung cancer. 
The patients were prospectively evaluated for 
bone metastasis by means of radioisotope 
scanning using technetium 99m stannous-poly- 
phosphate and correlative bone radiography. 


Materials and Method 

From July, 1973, to January, 1975, 60 male pa- 
tients, suspected of having lung cancer, were 
evaluated at the Salem Veterans Administration 
Hospital for diagnosis and operability. The 
men ranged from 26 to 80 years old. Chest 
radiographs showed identifiable lung lesions in 
all of them. Radioisotopic bone scanning and 
radiographic bone survey were done in addi- 
tion to the conventional diagnostic lung tumor 
workup. Follow-up skeletal examinations were 
performed after one month to eleven months 
depending on scheduled visits and occurrence 
of pain. The diagnosis of lung cancer in all pa- 
tients was histologically proved using the pro- 
cedures shown in Table 1. Cell type diagnosis 
demonstrated 40 patients with squamous cell 
carcinoma, 9 with adenocarcinoma, 1° with 
giant cell carcinoma, 5 with undifferentiated 
carcinoma, and 5 with oat cell carcinoma. Pul- 
monary lesions were successfully resected in 16 
patients or 26.6%. 
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Table 1. Methods of Obtaining Tissue Diagnosis 





Procedure Positive Results 





Bronchoscopy 12 
Scalene node biopsy 7 
Mediastinal biopsy 5 
Pleural biopsy 3 
Percutaneous lung biopsy 1 
Bone biopsy | 
Thoracotomy with biopsy 9 
Lobectomy 14 
Pneumonectomy 

Postmortem examination 3 





Bone scans were performed by the intrave- 
nous administration of technetium 99m stan- 
nous-polyphosphate in the dose of 1.2 to 
18.8 mCi. Images were made after four hours on 
a gamma camera (Picker Dynacamera II). An- 
terior views of the head, sternum, both shoul- 
ders, cervical and thoracolumbar spines, and 
pelvis were obtained. Whole-body image scin- 
tiscan was substituted for the multiple views 
during the last six months of our study. 

Radiographic bone survey consisted of mul- 
tiple radiographs of the axial skeleton including 
the skull, cervical, thoracic, and lumbar verte- 
brae, pelvis, and both femurs. 

Bone scans and radiographs were reported 
independently as negative or normal, equivocal 
or questionable, and positive or abnormal. 
Bone scans were graded on a scale of 1 to 10 
according to the pattern and intensity of in- 
creased activity. Images graded 1+, 2+, or 3+ 
implied negative results or no probable metas- 
tasis (Figure, A). Images graded 4+, 5+, 6+, or 
7+ were judged equivocal or questionable, as 
in trauma, inflammatory conditions, or prob- 
able metastasis (Figure, B), and images graded 
8+, 9+, or 10+ were believed to show evi- 
dence of metastases (Figure, C); the higher the 
number, the stronger the likelihood of meta- 
static disease. A grade of 1+ meant a normal 
scan with no evidence of increased activity in 
bone’or joint. A 2+ grade indicated that there 
was a hint of asymmetrical bone or joint activity 
over a fairly wide area, suggesting nonunifor- 
mity of the camera crystal. It also included 
minimal joint activity, which had to be sym- 


metrical and at a joint interface or at a bursa. A 
3+ included increased joint activity that was 
symmetrical and usually involved a bursa. The 
joints concerned are the weight-bearing joints: 
hips, knees, and occasionally ankles or shoul- 
ders. With a 4+ grade multiple joints were in- 
volved, but with little asymmetry or lack of 
bursal activity. Five plus was an extension of 
4+ and was used rarely. A 6+ grade included 
the possibility of some broad diffuse vertebral 
column activity that was not clearly delineated, 
and a 7+ was a slight accentuation of that. A 
grade of 8+ implied focal activity in the verte- 
bral column or one lone joint, usually away 
from the joint surface, while grades of 9+ and 
10+ meant rib activity, focal spinal column ac- 
tivity, pelvic activity, asymmetrical or marked 
sacroiliac joint activity, as well as any single or 
multiple changes noted in a lower stage. The 
last three grades were based on an increasing 
scale of uptake and also may have been used in 
lower rated scans if the kidneys were not ade- 
quately visualized. Definition of adequate kid- 
ney visualization was visualization of bone and 
both kidneys to a degree equal to or greater 
than the adjacent rib cage. If the ribs were not 
adequately visualized, this portion of the crite- 
ria was not used. 


Results 
With a bone scan, 20 patients (33.4%) had a 
result positive for cancer; 28 (46.6%), a negative 
result; and 12 (20%), an equivocal result. With a 
bone radiograph, 10 patients (16.6%) had a 
positive result; 46 (76.8%), a negative result; 
and 4 (6.6%), an equivocal result. Six of 20 pa- 
tients with positive bone scans and 3 of 10 pa- 
tients with positive radiographs had bone pain 
during the initial evaluation. Similarly, 4 of 12 
patients with equivocal bone scans had bone 
pain; however, 4 patients in whom pain de- 
veloped during the follow-up period had nega- 
tive bone scans and negative radiographs. 

Twenty-five percent of the positive bone scan 
metastases were proved by postmortem exam- 
ination while 15% were confirmed by needle 
bone biopsy. 

The comparative results between bone scans 
and radiographic bone surveys are summarized 
in Table 2. 
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(A) Grade 2 + bone scan, probably normal, showing 
slight increase of activity in the hips and knees, indi- 
cating a slight increase in the progression of arthritis. 
(B) Grade 7 + bone scan revealing injury to the cos- 
tochondral junctions on the right chest, which was 
evaluated clinically as a posttraumatic injury. 

(C) Scan graded 10+ showing multiple lesions in the 
ribs, vertebral column, head, hips, and pelvis resulting 
from metastatic disease. 


SCAN POSITIVE AND RADIOGRAPH NEGATIVE. 
Six of 14 patients with positive bone scans but 
negative radiographs had repeat skeletal stud- 
ies between one and two months after the ini- 
tial study. The results were similar except in 1 
patient whose bone radiograph showed evi- 
dence of metastasis at two months. Bone pain 
was evident in only 2 patients during the initial 
assessment. The scans were abnormal in 12 
asymptomatic patients with neither clinical nor 
radiographic evidence of metastatic disease. 
These patients were all considered inoperable 
and lived an average of five months. Seven pa- 
tients would have been considered operable if 
they had not had a positive scan. These results 











E 


Table 2. Comparative Results 
between Bone Scans and Bone Radiographs 





Bone Radiograph 


Bone 

Scan Positive Negative Equivocal 
Positive 6 (10%) 14 (23.3%) 0 (0%) 
Negative 2 (3.3%) 24 (40%) 2 (3.3%) 
Equivocal 2 (3.3%) 8 (13.3%) 2 (3.3%) 


indicate that scans can detect early bone 
metastasis in patients with known primary dis- 
ease before clinical or radiographic manifesta- 
tions occur. 

SCAN POSITIVE AND RADIOGRAPH POSITIVE. 
Half of the patients with positive bone scans 
and radiographs complained of bone pain. 
Bone scans in this group correlated very well 
with bone radiographs. All of these patients 
were judged inoperable and were treated with 
other modalities. : 

SCAN NEGATIVE AND RADIOGRAPH NEGATIVE. 
Ten of 24 patients with both negative bone 
scans and radiographs had follow-up skeletal 
examination at one, three, six, and twelve 
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months, or as indicated. Seven patients demon- 
strated only positive bone scans within five 
months, while 1 showed only positive bone 
radiograph at six months. Seven patients in this 
group underwent curative pulmonary resec- 
tion, and 3 of them had positive scans and 
negative radiographs within five to six months. 
The remaining 17 patients were considered in- 
operable because of mediastinal or scalene node 
metastasis. The change from a negative scan to 
a positive scan during the follow-up period in- 
dicated progression of the disease in the 
skeletal system. 

SCAN EQUIVOCAL AND RADIOGRAPH NEGATIVE. 
Four of 8 patients with equivocal bone scans 
and negative radiographs were reevaluated for 
metastasis at five months. In 1 patient, metas- 
tasis became evident on the bone scan but not 
the radiograph. Three patients in this group 
had bone pain, 2 initially and 1 at follow-up. 
Pain did not correlate with scans or radio- 
graphic testing. 

SCAN NEGATIVE AND RADIOGRAPH POSITIVE. 
Two patients had a false negative bone scan. In 
1 patient, diagnosis of poorly differentiated 
squamous cell carcinoma was made. Radio- 
graph of the skull showed multiple oval metas- 
tasis, which was not evident in the scan. The 
other patient had similar cell type and pain in 
the left groin. Radiographs of the pelvis and 
femur demonstrated severe destruction of the 
bone not seen in the *™Tc stannous-polyphos- 
phate scan. Subsequently a gallium scan re- 
vealed positive uptake indicative of metastasis. 

SCAN EQUIVOCAL AND RADIOGRAPH POSITIVE. 
Two patients had a false equivocal bone scan 
and both had definite osteolytic metastasis by 
radiographs. 


Comment 

When correlated with clinical signs and radio- 
graphs, bone scans specify metastasis in the 
presence of primary malignancy. In our study, 
correlation of skeletal radioisotope scans with 
radiographic survey was 53.3%, and with ac- 
companying bone pain, 33.3%. Bone scans de- 
tected metastatic disease earlier than bone 
radiographs in 23.4% of our patients. Pistenma 
and co-workers [12] reported that 54% of their 
patients with lung cancer had positive bone 
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scans but negative radiographs. The percentage 
of positive scans is much lower in our series 
because of the categorical grading of the scan 
results into normal, abnormal, and equivocal. 
The appearance of metastasis in a positive scan 
predated radiographic visualization by two to 
six months. 

Gutierrez and associates [6] demonstrated 
that bone scans detected osseous metastasis in 
56% of their patients, as proved by postmortem 
examination. They also noted that bone scans 
correlated with the clinical, radiographic, and 
postmortem findings in 89% of patients. Corco- 
ran and colleagues [3] reviewed 266 patients 
with primary lung cancer of whom 53% with 
abnormal bone scans had metastatic bone in- 
volvement. Positive bone scan metastases in 
our series were demonstrated at postmortem 
examination in 26% and by needle bone biopsy 
in 15% of patients. An accurate correlation of 
bone scans with postmortem findings would 
require postmortem examination of all bones 
showing increased radioisotope uptake. This is 
not performed as a routine procedure. Doubtful 
bone scans may be confirmed best by open or 
needle bone biopsy. 

The incidence of bone metastasis detected by 
routine radiographic survey was 16.6% in our 
series. Le Roux [7] in a retrospective study of 
4,000 patients with bronchogenic carcinoma, 
reported 2% osseous metastasis at the time of 
initial evaluation. However, his data were 
based on correlation of clinical bone pain with 
radiographic findings, instead of routine bone 
survey. We observed that only 5% of all our 
patients had bone pain correlated with positive 
radiographs. Bone metastasis is a well recog- 
nized frequent late manifestation of lung cancer 
often identified radiographically in the ad- 
vanced stage of the disease. Skeletal metastasis 
often becomes visible by radiographs when 
there is 30 to 50% bone demineralization [2] or 
when 50 to 75% cancellous bone destruction is 
present [5]. With accelerated mineral turnover 
and new bone formation, scans can detect bone 
metastasis earlier than radiographs [4]. 

Follow-up bone scanning for evaluation of 
possible progression of metastasis should be 
done within five months in asymptomatic pa- 
tients with equivocal scans, while those show- 
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ing both negative scans and radiographs should 
have scans repeated within six to twelve 
months or when bone pain is present. Patients 
with bone metastasis should be considered 
for radiotherapy when symptomatic or when 
tumor is located at weight-bearing areas in 
asymptomatic patients. 

Three to 8% of false negative scan results 
usually occur in patients with highly anaplastic 
tumors or purely osteolytic lesions [10]. Our 
study showed an occurrence of 3.3% false 
negative results. Napoli and colleagues [8] 
noted that osteolytic lesions are due to squa- 
mous cell and anaplastic cell carcinoma of the 
lung, whereas osteoblastic lesions may be due 
to diffused bone marrow invasion associated 
with oat cell carcinoma and adenocarcinoma. 

Although false positive results were not en- 
countered in our study, false positive scans are 
likely to result, especially with a solitary scan 
abnormality of the ribs, particularly in the cos- 
tochondral junction [3]. In this instance, bone 
biopsy should be done to verify metastasis. 
The quantitative grading of the scan interpreta- 
tion may have eliminated false positives by 
categorically including them in the equivocal 
results. 

At the time of writing, the rough cost of a 
bone scan in community hospitals was $125.00; 
a skeletal survey was $53.00; a hospital operat- 
ing room was $150.00 per hour; and a day’s 
hospital charge was $134.00. Therefore, a 
week’s hospitalization at $938.00 plus 2 hours 
of operating room time at $300.00 totals 
$1,238.00 of surgical hospitalization unneces- 
sarily expended on a patient if a bone scan at 
$125.00 will rule out operability. One patient 
thus excluded would cover the cost of bone 
scan for 10 other patients. 

Our study has shown that bone scanning is a 
more sensitive and reliable tool than bone 
radiography in the evaluation of patients with 
lung cancer. Scans detected early bone metas- 
tasis before the lesions became evident clini- 
cally and radiographically. That *®™Tc stannous- 


polyphosphate scanning is easy to use, is 
widely available, and is nontoxic with low 
radiation should make this procedure valuable 
during the preoperative evaluation of patients 
with lung cancer to avoid unnecessary opera- 
tion. 
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The Use of Computed Tomography 
to Evaluate Suspected Mediastinal Tumors 


James J. Livesay, M.D., Jerrold H. Mink, M.D., Henry J. Fee, M.D., 
Marshall E. Bein, M.D., W. Frederick Sample, M.D., 


and Donald G. Mulder, M.D. 


ABSTRACT Thirty patients with suspected me- 
diastinal tumors were evaluated by computed to- 
mography (CT) at UCLA Medical Center. Twenty 
patients with myasthenia gravis were examined for 
possible thymomas, benign and malignant; and 10 
patients were studied for other mediastinal masses 
(including teratoma, seminoma, mediastinal lipo- 
matosis, carcinoma, lymphoma, and paravertebral 
abscess). The CT scan was found useful in several 
respects: (1) yielding information not available by 
conventional radiographic techniques; (2) defining 
the anatomical location and extent of mediastinal 
tumors; (3) detecting pulmonary metastasis and in- 
volvement of mediastinal nodes in cases of malig- 
nancy; and (4) establishing the diagnosis of benign 
mediastinal fatty masses. On the basis of our early 
experience, we believe CT is a valuable adjunct in 
the preoperative assessment of patients with sus- 
pected mediastinal tumors. 


Mediastinal tumors may not be readily appar- 
ent on conventional roentgenograms of the 
chest. Subtle and often ill-defined contour ab- 
normalities may be the only suggestion of me- 
diastinal disease. Early experience with whole- 
body computed tomography (CT) proved 
it to be a valuable diagnostic procedure for 
studying the brain and abdomen [3, 18, 20, 
21]. Until recently, however, there were few 
published reports on the application of CT to 
the chest and mediastinum [2, 6, 9, 11]. Accu- 
rate preoperative assessment by CT can yield 
valuable diagnostic information, influence the 
clinical management, and relate to the prog- 
nosis in patients with suspected mediastinal 
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tumors. In this report we review our early ex- 
perience with the use of CT to evaluate sus- 
pected mediastinal tumors. 


Materials and Methods 

From June 1, 1976, to September 2, 1977, 30 pa- 
tients with suspected mediastinal tumors were 
evaluated by CT at UCLA Medical Center. 
Twenty patients with myasthenia gravis were 
examined for possible thymoma. Ten addi- 
tional patients were studied for other medias- 
tinal lesions. The hospital records and all 
roentgenographic studies on each of these pa- 
tients were carefully reviewed. Twenty-one pa- 
tients underwent operation to establish the 
diagnosis. Six patients in this series were re- 
ported on previously [11]. 

All patients were initially evaluated by pos- 
teroanterior and lateral chest roentgenograms. 
Anterior oblique views were occasionally ob- 
tained and conventional mediastinal tomo- 
grams were frequently performed at 0.5-cm 
intervals in the anteroposterior, lateral, or left 
lateral decubitus positions, depending on the 
lesions studied. An EMI CT 5000 body scanner 
was used for all CT studies. Scans were per- 
formed at 2-cm intervals from above the sternal 
notch to the diaphragm during suspended in- 
spiration (20 seconds). Iodinated contrast infu- 
sion was occasionally used to distinguish vas- 
cular structures from suspected mediastinal 
tumors. 


Results 

Thymoma in Myasthenia Gravis 

Twenty patients with myasthenia gravis were 
evaluated by CT scan for possible thymoma. 
Thirteen of them were operated on to establish 
the diagnosis. Seven patients were not explored 
because either CT scan and tomography failed 
to confirm the presence of thymoma and the 
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Fig 1. CT scan shows a water density thymic cyst in the 
anterior mediastinum. Adjacent mediastinal structures 
are seen clearly. (TC = thymic cyst; Ao = aorta; SVC 
= superior vena cava; PA = pulmonary artery; LB = 
left bronchus.) 


symptoms were minimal, or the patient refused 
operation (1 patient). 

In 10 of the 14 positive CT scans, significant 
diagnostic information was obtained that was 
not available by conventional roentgenographic 
examination. In 3 patients, plain chest roent- 
genograms were normal, while lateral medias- 
tinal tomograms revealed only an ill-defined 
anterior mediastinal density. CT scan con- 
firmed the presence of thymoma in each patient. 

In 2 patients with obvious anterior medias- 
tinal tumors seen on plain chest roentgeno- 
gram, CT scan demonstrated a well-delineated 
smooth-walled mass of water density (Fig 1). In 
1, the mass was separated from adjacent 
mediastinal structures by a sharp, low-density, 
cleavage plane, suggesting a benign thymoma. 
At operation, a large thymic cyst was found ina 
hyperplastic gland. In the other patient, a large 
thymic cyst was confirmed by transthoracic 
aspiration needle biopsy under CT guidance. 

In 1 patient, a calcified retrosternal mass was 
identified on plain roentgenograms. However, 
it could not be determined whether the mass 
was in the mediastinum or the medial aspect of 
one of the upper lobes. CT scan demonstrated 
the calcification in an anterior mediastinal 








Fig 2. CT scan of a malignant thymoma (T) in a patient 
with myasthenia gravis. Note the extension of the 
tumor to the left pulmonary artery (LPA). (Ao = aorta; 
SVC = superior vena cava; C = carina.) 


mass. The surgical specimen consisted of an 
epithelioid thymoma with a single, densely cal- 
cified nodule at one pole. 

In 4 patients with malignant thymoma, CT 
scan demonstrated the extent of mediastinal in- 
volvement and before operation twice iden- 
tified pleural metastasis not otherwise detected. 
In 1 patient, an invasive thymoma extended 
posteriorly to involve the pericardium, main 
pulmonary artery, and left pleura (Fig 2). These 
findings were suspected before operation on 
the basis of the CT scan and were confirmed at 
operation. In a second patient, pleural metas- 
tasis to the chest wall and diaphragm were 
found at operation to correspond exactly to the 
findings on CT scan. In 2 patients with obvious 
superior vena cava syndrome, extensive 
mediastinal involvement was confirmed by CT 
scan (Fig 3). These patients were judged in- 
operable and were treated with high-dose, 
alternate-day prednisone. 
Other Mediastinal Tumors j 
Ten patients with other mediastinal tumors 
were evaluated by CT scan as well, and 8 
underwent operation. Two patients had large 
mediastinal masses, obvious on plain chest 
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Fig 3. CT scan of a malignant thymoma in the superior 
mediastinum demonstrates extensive tumor invasion of 
the right hemithorax with obstruction of the superior 
vena cava. (T = tumor; Tr = trachea.) 


Fig 4. CT scan of a malignant teratoma shows a large 
mediastinal tumor extending into the left hemithorax. 
Note the variable density in the central portion of the 
mass (arrows) found to be cystic degeneration of the 
fumor. 


roentgenograms. In 1, CT revealed cystic de- 
generation of a large anterior mediastinal tumor 
with extension into the left hemithorax and ad- 
jacent pericardium, suggesting a malignant 
teratoma (Fig 4). The patient underwent a radi- 








cal left pneumonectomy with en bloc resection 
of the anterior mediastinal tumor. Pathological 
examination confirmed the diagnosis of malig- 
nant teratoma. In the second of these 2 patients, 
CT scan revealed a large homogeneous mass 
extensively involving adjacent mediastinal 
structures. Exploratory thoracotomy revealed 
an unresectable seminoma, and the patient was 
treated with radiation therapy. In a patient with 


a normal plain chest roentgenogram, CT scan 
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A 


Fig 5. Initial CT scan of a malignant lymphoma invad- 
ing the heart. (A) Note the extensive tumor mass (T) in- 
volving the aorta (Ao), pulmonary artery (PA), and the 
superior vena cava (SVC). (B) Repeat CT scan follow- 
ing radiotherapy showing complete regression of the 
mass. 


demonstrated an anterior mediastinal mass in- 
volving the heart (Fig 5). At operation a malig- 
nant lymphoma invading the pericardium, 
right atrium, and right ventricle was found. 
This patient was treated with radiation therapy 
and chemotherapy. 

In 2 patients a mediastinal tumor was sus- 
pected because of a widened mediastinal 
silhouette on chest roentgenograms. The find- 
ing on CT scan of a homogeneous, low-density 
zone surrounding the great vessels was diag- 
nostic of benign mediastinal lipomatosis (Fig 
6). Thoracotomy was not performed. 

One patient with marked kyphosis was 
studied for a posterior mediastinal mass; to- 
mography revealed erosion of the bodies of the 
fifth and sixth thoracic vertebrae (Fig 7A). CT 
scan demonstrated a large mass surrounding 
the thoracic spine with extensive destruction of 
vertebrae and adjacent ribs (Fig 7B). At opera- 
tion, a staphylococcal paravertebral abscess was 
found; thorough debridement, closed drainage, 
and anterior spinal fusion were performed. 

Four patients with metastatic disease in- 
volving mediastinal lymph nodes were studied. 
Recurrent disease in mediastinal lymph nodes 
was detected by a follow-up CT scan and con- 








Fig 6. CT scan of a suspicious mediastinal mass revealed 
a homogeneous low-density zone surrounding the great 

vessels and diagnostic for mediastinal lipomatosis. (AA 

= aortic arch; VC = superior vena cava; F = fat.) 


firmed by conventional tomography in 1 pa- 
tient who had undergone bilateral thoracotomy 
for metastatic embryonal cell carcinoma. In an- 
other patient with malignant lymphoma, CT 
scan was useful in demonstrating enlarged sub- 
carinal nodes and in differentiating an abnor- 
mal cardiophrenic lymph node from the car- 
diophrenic fat pad (Fig 8). CT scan was found to 
be a sensitive indicator of peritracheal and sub- 
carinal nodal involvement. 
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A 
Fig 7. (A) Lateral tomogram of the thoracic spine dem- 
onstrates a severe gibbus deformity from destruction of 
the fifth and sixth vertebral bodies. (B) CT scan reveals 
the extent of the paravertebral abscess (A) and shows 
destruction of vertebrae and adjacent rib (arrows). 


a 


A 





Fig 8. CT scan of a patient with malignant lymphoma 
shows abnormal mediastinal nodes. (A) Note the en- 
larged subcarinal node and (B) the abnormal epicardial 
node along the left cardiophrenic angle. (N = node; Ao 
= aorta; Br = bronchus.) 


Comment 

The discovery of a mediastinal tumor on chest 
roentgenogram is an important finding. Since 
one-third of these tumors are malignant, early 
diagnosis and treatment are mandatory [15]. 
Mediastinal tumors may blend in with adja- 


cent mediastinal structures and, therefore, may 
be difficult 
roentgenographic examination. CT is a recent 
innovation in diagnostic radiology which al- 


to diagnose on conventional 


lows precise images of anatomical areas previ- 


ously inaccessible by conventional radio- 
graphic techniques. A number of reports have 
confirmed the value of CT scan of the brain [3] 
and abdomen [18, 20, 21], but until recently, 
few have dealt with its use in diseases of the 
chest and mediastinum [2, 6, 9, 11]. 


Since UCLA Medical Center is a regional re- 
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ferral center for patients with myasthenia 
gravis, we had the opportunity to study 20 pa- 
tients for possible thymoma. In addition to 
plain chest roentgenograms and lateral tomo- 
grams of the anterior mediastinum, each patient 
was evaluated by CT scan for possible thy- 
moma. Eight to 15% of patients with myasthe- 
nia gravis have a thymoma, either benign or 
malignant [10, 23]. 

Operative intervention is recommended 
when a mediastinal mass is found in a patient 
with myasthenia since 10 to 37% of thymomas 
in this syndrome are malignant [5] and 
thymectomy favorably alters the course of the 
disease in many patients [14]. 

Thymomas are located in the anterosuperior 
mediastinum, usually at the level of the aortic 
arch. There may be considerable difficulty de- 
tecting thymic lesions on routine chest roent- 
genograms. Ellis and Gregg [4] were unable to 
visualize thymic neoplasms by posteroanterior 
roentgenogram in 30% of their patients. The 
only clue to the presence of a tumor may be a 
subtle contour abnormality in the medias- 
tinum. Lateral roentgenograms are more help- 
ful but in 50% of patients they reveal only an 
ill-defined density [8]. Calcifications may 
facilitate the diagnosis but, in our experience, 
are rarely present. Mediastinal tomography in 
the lateral projection has been recommended to 
investigate suspicious findings on routine 
chest roentgenograms [4, 8]. 

In the 20 patients with myasthenia gravis, the 
CT scan gave remarkably clear images of 
mediastinal structures. A thymic tumor could 
be identified in the anterior mediastinum as a 
mass that distorted the normally concave ap- 
pearance of the retrosternal pleural envelope. A 
unique feature of the CT scan is that it allows 
precise measurement of tissue density. This en- 
abled us to correctly distinguish a fluid-filled 
thymic cyst from adjacent mediastinal struc- 
tures. Transthoracic aspiration needle biopsy 
under CT guidance confirmed the diagnosis. At 
times the thymoma was seen separated from 
other mediastinal structures by a less dense 
“cleavage plane” of fat. Although a fibrous cap- 
sule and lack of invasion of surrounding fat 
are favorable histological indicators of a be- 
nign thymoma, the importance of the cleavage 
plane is not known [1]. 


Malignant thymomas spread by local inva- 
sion to involve adjacent mediastinal structures 
and metastasize to pleural surfaces. Radical ex- 
cision of the tumor, if possible, may preclude 
future problems with superior vena cava 
obstruction and pleural effusion [13]. Operation 
combined with high-dose, alternate-day pred- 
nisone and radiation therapy are the treatments 
of choice in malignant thymoma [5]. The CT 
scan was helpful in assessing the extent of 
mediastinal involvement in 3 patients and 
twice demonstrated encasement of the superior 
vena cava by tumor. Both patients were judged 
inoperable, and adjuvant therapy was insti- 
tuted. 

Pleural and subpleural metastases may go 
undetected by plain roentgenogram since there 
is less inherent contrast at the peripheral 
portions of the lung. In 1 patient, CT scan 
revealed pleural metastasis that was not vi- 
sualized on plain chest roentgenograms and 
thereby made the correct diagnosis of meta- 
static thymoma before operation. This result 
supports previous evidence that the CT scan 
may be very useful in detecting pleural metas- 
tasis [12, 19]. 

The precise images of cross-sectional an- 
atomy seen on CT scan accurately revealed 
the location and extent of mediastinal tumors. 
Two large mediastinal tumors were examined 
by CT scan. In 1, cystic degeneration was iden- 
tified, as well as extensive involvement of adja- 
cent structures. Although size and consistency 
(i.e., solid or cystic) are not considered to be 
reliable indicators of malignancy, the patient’s 
age (16 years) and the invasive appearance on 
CT scan led to the correct preoperative diag- 
nosis of malignant teratoma. These tumors gen- 
erally have a poor prognosis, although some re- 
cent evidence suggests adjuvant therapy may 
be worthwhile [7]. Another large lobulated 
tumor, a seminoma, was thought to be highly 
invasive on CT scan and was found to be unre- 
sectable at operation. The unusual finding of a 
primary malignant lymphoma of the heart 
could be detected before operation only by CT 
scan. Radiation therapy has been recom- 
mended in such cases in the past [16, 22]. In 
other cases of malignancy, CT scan was found 
to be a useful indicator of mediastinal nodal 
involvement. Metastatic disease to peritracheal 
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and subcarinal nodes was detected by CT scan 
in 4 patients. 

CT was also helpful in assessing the extent of 
a posterior mediastinal mass in a patient with a 
paravertebral abscess. The anterior extent of the 
abscess seen on CT scan affected the operative 
approach. Laminagraphy revealed extensive 
destruction of the vertebral bodies demon- 
strated to a lesser degree by CT scan. This pa- 
tient was treated by thoracotomy, debridement, 
and spinal fusion. 

In 2 patients, mediastinal tumors were sus- 
pected on plain chest roentgenograms. CT scan 
of the chest revealed mediastinal lipomatosis. 
Both patients were reassured of the benign na- 
ture of the condition and thoracotomy was not 
necessary to establish the diagnosis. Because 
CT scan can determine relative tissue density, it 
is the only modality at present that can show 
intrathoracic tissue to be fat. Rohlfing and co- 
workers [17] reported CT to be a reliable judge 
of fatty masses in the mediastinum. 

On the basis of our early experience with CT, 
we have found it to be a valuable adjunct to 
conventional roentgenograms in the evaluation 
of suspected mediastinal tumors. CT can reveal 
additional diagnostic information which may 
influence the clinical management or relate to 
the patient’s prognosis. The ultimate role of this 
new modality will depend on its superiority to 
other methods, its availability, and its cost- 
effectiveness. The present report documents the 
first of these. 
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Mitral Valve Replacement: 


A Nine-Year Follow-up of Risks and Survivals 


John S. Chaffin, M.D., and Willard M. Daggett, M.T. 


ABSTRACT Experience with mitral valve replace- 
ment over a nine-year period is reviewed. Hospital 
mortality was 8.9%, with an additional late mortality 
of 18.5% during a mean follow-up period of 4.34 
years. Study of the factors influencing the results of 
valve replacement revealed a direct correlation be- 
tween long-term survival and New York Heart As- 
sociation (NYHA) Functional Class, as judged pre- 
operatively, as well as left ventricular end-diastolic 
pressure, cardiac index, type of valve lesion, and 
presence of associated coronary artery disease. Hos- 
pital mortality was 32% (p < 0.01) for those patients 
in NYHA Functional Class IV before operation, 
compared with 3% for Class III patients. Untreated 
concomitant coronary artery disease was associated 
with a significantly higher perioperative mortality of 
28% (p = 0.002) compared with an 8% mortality in 
patients with coronary artery disease treated by vein 
bypass at the time of mitral valve replacement. Pa- 
tients with normal coronary arteries documented an- 
giographically before operation had a 1% hospital 
mortality. Seventy-two percent of all patients are 
still alive at a maximum follow-up of nine years. 
Eighty-three percent of those survivors who were in 
Functional Class HI or IV before operation are now 
considered to be in Class I or II. We conclude that 
patients should undergo mitral valve replacement 
before the development of the advanced functional 
stage of valve disease. In addition, coronary ar- 
teriograms should be performed on all patients who 
are more than 40 years old at the time of cardiac 
catheterization, and revascularization considered at 
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the time of mitral valve replacement for those pa- 
tients wim significant coronary disease. 


With th2 introduction of the Starr-Edwards 
prosthes:s in 1961, routine successful mitral 
valve re-lacement became possible for the first 
time. TF2 Starr-Edwards Model 6120 prosthesis 
has given the longest available follow-up for 
patients after mitral valve replacement. During 
the past fifteen years many different types of 
valve prosthesis have been developed, but the 
Starr-Ed-~wards Model 6120 appears to represent 
the standard against which newer fashions in 
prosthetic design, e.g., the glutaraldehyde-fixed 
porcine prosthesis, must be measured. This re- 
port summarizes -our experience (one sur- 
geon’s) at the Massachusetts General Hospital 
over thz past nine years, with emphasis on 
patient-related risk factors in early, in-hospital 
deaths and associated long-term survival. 


Material and Methods 

One hundred eighty-nine patients underwent 
elective prosthetic mitral valve replacement 
between July, 1968, and June, 1977. This total 
excludes patients who had multiple valve re- 
placements. Included were patients who had 
concomitant tricuspid valvuloplasty (5 pa- 
tients), closure of atrial septal defect (2), coro- 
nary artery bypass grafting as a secondary pro- 
cedure 12), aortic commissurotomy (2), repair 
of aortiz paravalvular leak (2), closure of ven- 
tricular septal defect (1), and closure of foramen 
ovale (Z. No patient was denied operation or 
eliminated from this review because of age, 
degree Df cardiac dysfunction, or associated 
coronary artery disease. 

There were 65 men (mean age; 53.71 + 1.28 
years) znd 124 women ( mean age, 52.2 + 1.01 
years). “ombined mean age was 52.67 + 0.80 
years (range, 18 to 72 years). New York Heart 
Association (NYHA) Functional Class, based on 
preoperative evaluation at this hospital, re- 
vealed 6 (3%) patients in Class I or II, 144 (76%) 


ao 
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in Class III, and 39 (21%) in Class IV. Before 
operation, 57 patients (30%) were in sinus 
rhythm; 124 (66%) were in atrial fibrillation; 
and 8 (4%) were in other supraventricular 
rhythms. Rheumatic valvular disease was by far 
the most common causative factor. It was 
present in 152 patients (80%). In comparison, 
20 patients had ischemic disease (11%); 8, 
myxomatous degeneration (4%); 6, infective 
endocarditis (3%); and 3, prosthetic valve dys- 
function (2%). 

Notable associated conditions included pul- 
monary hypertension, defined as a mean pul- 
monary artery pressure of 40 mm Hg or greater 
at cardiac catheterization, in 61 patients (34%); 
previous cardiac operation, 48 patients (25%); 
coronary artery disease as demonstrated by 
coronary angiography, 40 patients (21%); pre- 
vious myocardial infarction as demonstrated by 
electrocardiographic changes, 16 patients (8%); 
tricuspid insufficiency, 15 patients (8%); and a 
history of systemic thromboembolism, 11 pa- 
tients (6%). 

Standard techniques for cardiopulmonary 
bypass, with either disc (before 1970) or, more 
recently, disposable bubble type oxygenator, 
were used. Early in the series operations were 
often performed through a left or right 
thoracotomy. Since 1971, virtually all valve re- 
placements have been done through a median 
sternotomy with the mitral valve exposed 
through a left atrial incision posterior to the in- 
teratrial septum. Beginning in the latter part of 
1971, aortic cross-clamping combined with 
topical myocardial hypothermia induced by 
continuous irrigation of the pericardial sac with 
saline or Ringer’s lactate solution at 4°C was 
used during excision and replacement of the 
mitral valve. Potassium-arrest solution, per- 
fused into the ascending aorta below the cross- 
clamp, has been used in virtually all patients 
since 1975. 

Of the 189 valves placed, 134 were Starr- 
Edwards Model 6120; 34, Hancock glu- 
taraldehyde-preserved porcine valves; 17, 
Bj6rk-Shiley valves; 2, Beall valves; and 2, 
Kay-Shiley valves. The anticoagulant warfarin 
sodium was administered to all patients before 
discharge. Coumadin (crystalline warfarin 
sodium) was continued indefinitely in all pa- 


tients but those with Hancock valves. In these 
patients, anticoagulation was discontinued 


. after 2 to 3 months, unless there was a history of 


thromboembolism or persistence of atrial fi- 
brillation. 

To allow for a minimum postoperative evalu- 
ation of 6 months, no patients operated on re- 
cently were included in this review. Follow-up 
was obtained from examination in this institu- 
tion or through contact with the patient’s pri- 
vate physician. Mean follow-up on living pa- 
tients was 4.34 years. Six of the 189 patients 
were lost to follow-up (97% follow-up). 

In this study, hospital mortality was defined 
as death before discharge from hospitalization 
during which valve replacement took place or, 
if discharged, death within 30 days of mitral 
valve operation. 

Actuarial curves for survival and evaluation 
of preoperative risk factors were constructed 
and analyzed according to the method of Cutler 
and Ederer [5]. The significance of the dif- 
ference of means for continuous variables was 
tested using Student’s t test. The chi-square test 
was used to test the significance of the dif- 
ference in distribution of discontinuous vari- 
ables [16]. 


Results 

Hospital Mortality 

The overall hospital mortality for this series was 
8.9% (17 of 189 patients). Low output cardiac 
failure (11 of 17 patients) was the most common 
cause of death, followed by myocardial infarc- 
tion (3 patients). Two of these 3 patients died of 
intraoperative myocardial infarctions in the 
presence of coronary artery disease at a time 
when preoperative coronary angiograms were 
not done at this hospital. One patient each died 
of hemorrhage, cerebral embolus, and ar- 
rhythmia. 

Preoperative and intraoperative factors po- 
tentially related to perioperative mortality are 
compared in Table 1. Age was shown to be a 
significant factor in predicting hospital mor- 
tality, with a5% mortality (5 of 106 patients) in 
those patients 55 years old or younger. Mor- 


tality rose significantl = 0.0194) to 14% i a 
ty & y (p ) O INV LEL 





patients more than 55 years old (12 of 83 
tients) at the time of operation. Mortality 
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Table 1. Analysis of Preoperative and Intraoperative Factors 
Potentially Related to Hospital and Late Deaths after MVR 


Patients at 


Hospital Deaths (N = I7) 


Patients at 


Late Deaths (N = 35) 


Factor Risk No. Percent Risk No. Percent 
Age at operation 
<55 yr 106 5 5 101 19 19 
>55 yr 83 12 14" (p = 0.02943 71 16 22 
Sex 
Male 65 9 14 56 13 23 
Female 124 8 6 116 22 19 
NYHA Functional Class 
I 144 5 3 139 18 13 
IV 39 12 31? (p = 0.0000) 27 17 63% (p = 0.0000) 
Rhythm 
AF 124 19 12 109 25 23 
NSR 57 2 4 55 9 16 
Other 8 0 0 8 1 2 
P 
240 mm Hg 61 11 184 (p = 0.0033) 50 10 20 
<40 mm Hg 114 6 5 108 20 18 
LVEDP 
212 mm Hg 54 az 223 (p = 0.0034) 42 22 52° (p = 9.0000) 
<12 mm Hg 121 5 4 116 8 7 
Cardiac index ; 
<2.0 Limin‘m? 56 11 20° {p = 0.0037) 45 21 47° (p = 0.0000) 
22.0 Liminim? 119 6 5 113 9 8 
Pump time 
>2 hr 101 7 6 94 19 20 
<2 hr 88 10 11 78 16 20 
Pulmonary vascular 
resistance 
>8 Wood units 39. 8 204 (p = 0.0156} 31 12 393 (p = 0.0499) 
<8 Wood units 136 9 7 127 23 18 
Previous cardiac operation 48 3 6 45 7 16 
Lesion 
MS 65 2 3 63 8 13 
MR 58 10 15" (p = 0.0439) 58 19 337 (p = 0.0423) 
Mixed 56 5 9 51 8 16 
Clot, left atrium 20 4 20 16 6 38 
No clot, left atrium 166 13 8 153 28 18 
- Valve type 
Starr-Edwards 134 15 11 119 30 25 
Hancock 34 0 0 34 4 12 
Other 21 2 12 15 1 7 
Valve calcification 105 12 11 93 20 22 
Coronary artery disease 
Untreated 28 8 282 (p = 0.0020) 20 13 654 (p = 0.0056) 
Treated with vein bypass 12 1 8 11. 2 18 
Normal coronary arteries 87 1 1 86 15 17 
Etiology of valve diagnosis 
Rheumatic 152 15 10 137 25 18 
Ischemic 20 1 5 19 8 424 (p = 0.0374) 
Myxomatous 8 1 12 7 0 0 
Infective endocarditis 6 0 0 6 1 17 : 
Prosthetic valve 
dysfunction 3 0 0 3 1 33 


A BESTE CEASE EEE N ar EE E E EEEE Nee 
aStatistically significant difference. 


MVR = mitral valve replacement; AF = atrial fibrillation; NSR = normal sinus rhythm; PA = mean pulmonary artery 
pressure; LVEDP = left ventricular end-diastolic pressure; MS = mitral stecosis; MR = mitral regurgitation. 
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also high, 31% (12 of 39 patients), among pa- . 


tients in preoperative NYHA Functional Class 
IV compared with a 3% mortality (5 of 144) 
among Class III patients. There was no mor- 
tality in the small sample (6 patients) of Class I 
and II patients. Although atrial fibrillation, as 
opposed to sinus rhythm, was the dominant 
rhythm in 15 of the 17 patients who died in 
hospital, this comparison did not achieve sig- 
nificance because two-thirds of the patients in 
this series were in atrial fibrillation before op- 
eration. 

Cardiac catheterization had been performed 
before operation in all 17 patients who died 
perioperatively. A mean pulmonary artery 
pressure greater than or equal to 40 mm Hg cor- 
related significantly (p = 0.0083) with a higher 
perioperative mortality, 18% (11 of 61 patients), 
compared with a mean pressure less than 40 
mm Hg with a hospital mortality of 5%. Left 
ventricular end-diastolic pressure (LVEDP) 
greater than or equal to 12 mm Hg also pre- 
dicted a significantly higher mortality, 22% 
(12 of 54 patients) (p = 0.0004), as did a car- 
diac index of less than 2.0 Limin/m’ with a 
perioperative mortality of 20% (11 of 56 pa- 
tients) (p = 0.0037). 

A preoperative mitral valve lesion of pure 
mitral stenosis correlated with a 3% mortality (2 
of 65 patients); mixed valve (mitral stenosis and 
mitral regurgitation) lesions, 9% mortality (5 of 
56 patients); and mitral regurgitation, a signifi- 
cantly higher mortality of 15% (10 of 68 patients) 
(p = 0.0439). Valve calcification, present in 55% 
of patients preoperatively, was not associated 
with a higher perioperative mortality. 

Untreated concomitant coronary artery dis- 
ease was associated with a significantly higher 
perioperative mortality of 28% (8 of 28 patients 
with coronary artery disease documented be- 
fore operation by coronary arteriogram and 
who did not have vein bypass at the time of 
mitral valve replacement) (p = 0.0020) com- 
pared with an 8% mortality in patients with 
coronary artery disease treated by vein bypass 
at the time of mitral valve replacement. Patients 
with normal coronary arteries documented an- 
giographically before replacement had a hos- 
pital mortality of 1% (1 of 87 patients). 

Type of prosthesis, sex, pump time longer 
than 2 hours, the presence of left atrial throm- 


Table 2. Causes of Late Death after 
Mitral Valve Replacement in 35 Patients 


No. of 
Cause Patients 
Sudden death 6 
Myocardial infarction 5 
Bacterial endocarditis 4 
Cerebral embolus 3 
Myocardial failure 3 
Pulmonary complication 3 
Anticoagulant complication 3 
Arrhythmia 2 
Pulmonary embolus 2 
Carcinoma of pancreas 2 
Renal failure 1 
Traumatic subdural hematoma 1 


bus at operation, previous cardiac operation, 
aortic cross-clamp time, and etiology of valve 
disease did not achieve statistical significance 
in terms of predicting hospital mortality. 


Late Deaths 

There were 35 late deaths for an 18.5% late mor- 
tality (Table 2). Six patients died of sudden, un- 
explained causes, 5 died of myocardial infarc- 
tion, 4 of bacterial endocarditis, 3 of cerebral 
embolus, 3 of myocardial failure, 3 of pulmo- 
nary complications, and 3 of anticoagulant 
complications. 

An analysis of preoperative and intraopera- 
tive factors that might serve as predictors of late 
deaths is shown in Table 1. A significant 
number of patients in preoperative NYHA 
Functional Class IV (17 of 27 or 63%) (p = 
0.0000) were in the late-death category com- 
pared with patients in NYHA Functional Class 
M (18 of 139 or 13%). LVEDP greater than or 
equal to 12 mm Hg correlated with a significant 
52% late mortality (22 of 42 patients) (p = 
0.0000), and a preoperative cardiac index less 
than 2.0 L/min/m? accounted for 21 late deaths 
(21 of 45 or 47%) (p = 0.0000). Patients with 
mitral regurgitation had a significantly higher 
late mortality, 33% (19 of 58) (p = 0.0423), than 
patients with mitral stenosis or mixed lesions. 
The presence of untreated concomitant coro- 
nary artery disease served as a significant (p = 
0.0056) predictor of late death in 13 of 20 pa- 
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tients (65%), compared with late mortality of 
only 18% in 2 of 11 patients with coronary ar- 
tery disease treated by vein bypass. Valve dis- 
ease with a primarily ischemic etiology cor- 
related with a significant (p = 0.0374) late 
mortality of 42% (8 of 19 patients). Age, sex, 
predominant cardiac rhythm, mean pulmonary 
artery pressure, pump time, pulmonary vascu- 
lar resistance, left atrial thrombus, previous 
valve operation, valve type, aortic cross- 
clamp time, and valve calcification failed to 
show statistical significance as predictors of late 
death.. 


Follow-Up 

Of 131 patients known to be alive as of De- 
cember, 1977, 111 (85%) are in NYHA Func- 
tional Class I or II, 18 (14%) are in Class II, and 
2 (2%) are in Class IV. 

An actuarial survival curve (Fig 1) compares 
survival of patients in terms of structural valve 
lesion. There was an 81% survival for patients 
with mitral stenosis and a 76% survival for 
those with mixed mitral stenosis and mitral 
regurgitation at nine years. These were both 
significantly different (p < 0.01) from a 49% 
nine-year survival for patients with mitral re- 
gurgitant lesions. 

The actuarial curve for survival based on pre- 
operative Functional Classification (Fig 2) 
shows 100% survival for 6 patients in Classes I 
and II at nine years. The curve shows 79% of 
Class II patients and only 13% of Class IV pa- 
tients to be alive at nine years. 

The actuarial curve for presence of concomi- 
tant coronary artery disease is shown in Figure 
3. Of 127 patients with coronary arteriograms, 
40 showed evidence of significant coronary ar- 
tery disease. There was a 68% nine-year survi- 
val for those 87 patients with mitral valve dis- 
ease but no associated coronary artery disease. 
A 50% survival was found at nine years in 12 
patients with associated coronary artery disease 
who had coronary revascularization as well as 
mitral valve replacement. This.was significantly 
different (p < 0.01) from the 16% survival re- 
corded for 28 patients with associated sig- 


nificant coronary artery disease untreated by 


revascularization at the time of mitral valve re- 
placement. 
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Fig 1. Actucrial curve of nine-year survival based on 
preoperatice functional valve lesion. 
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` Fig 2. Actuarial curve of nine-year survival based on 
. New York Hzart Association Functional Class before 


operation. 


` 
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Comment 
A retrospective analysis was made of 189 con- 
secutive petients undergoing - “mitral valve re- 
placement in an attempt to évaluate factors 
associated ivith early and late mortality. Seven- 
teen of the patients died in the perioperative 
period. Of these patients, low output cardiac 
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No CAD (87) 


Treated CAD (12) 


% SURVIVAL 


Untreated CAD {28) 





YEARS POSTOP 


Fig 3, Actuarial curve of nine-year survival based on 
the presence or absence of concomitant coronary artery 
disease (CAD) and, if present, whether vein bypass also 
was done (Treated CAD) at the time of mitral valve re- 
placement or not (Untreated CAD). Curve designated 
No CAD charts the course of 87 patients who had nor- 
mal coronary arteries as demonstrated by preoperative 
coronary arteriography. See text for discussion. 


failure was the cause of death in 11 (65%). Nine 
of these 11 patients had been categorized before 
operation in NYHA Functional Class [V. All 17 
patients who died early after operation exhib- 
ited three or more of the following factors: (1) 
cardiac index less than 2.0 L/min/m’; (2) age 
greater than 55 years; (3) mean pulmonary ar- 
tery pressure greater than or equal to 40 mm 
Hg; (4) LVEDP greater than or equal to 12 mm 
Hg; (5) pulmonary vascular resistance greater 
than 8 Wood units; (6) regurgitant mitral valve 
lesion; and (7) associated coronary artery dis- 
ease. 

Simonsen and colleagues [15] reported that 
patient age. greater than 60 years and elevated 
pulmonary ‘artery pressure (PA greater than 40 
mm Hg) are:associated with increased operative 
risk. Litwak and associates [8] found that de- 
creased cardiac index, marked cardiomegaly, 
previous mitral valve operation, pulmonary 
hypertension, and mixed valve disease (mitral 
stenosis and mitral regurgitation) identified 
patients with an increased operative risk. Barn- 
horst and éo-workers [2] identified left atrial 
size, preoperative Functional Classification, 


and previous heart operation as increased risk 
factors before operation. 

In our series, 48 of 189 or 25% had undergone 
mitral valve operation previously. These pa- 
tients did not experience a higher mortality 
than those undergoing mitral valve replacement 
as the initial cardiac operation. 

Five-year survival for the entire series was 
79%. Sudden death and myocardial infarction 
were the leading causes of late deaths in 6 of 35 
patients and 5 of 35 patients, respectively (see 
Table 2). Age greater than 55 years at the time of 
operation, although a factor in operative survi- ` 
val, did not influence long-term survival. Thus, 
age does not appear to influence mitral valve 
disease in any special way, but correlates with 
the general impression that older patients are 
poorer risks for most operative procedures. 
Similarly, pulmonary artery hypertension was 
not a significant predictor of late death, al- 
though it was a significant predictor of peri- 
operative mortality. The inference from these 
comparisons appears to be that those pa- 
tients with documented pulmonary hyperten- 
sion who did not die during the perioperative 
period either had reversible pulmonary artery 
hypertension or were able to compensate for 
postoperative elevated pulmonary artery pres- 
sures. Most reports of hemodynamic changes 
after mitral valve replacement favor the former 
explanation [1, 6]. In keeping with this inter- 
pretation is the observation that long-term sur- 
vival is not influenced by the preoperative 
finding of pulmonary artery hypertension. By 
comparison, Functional Class IV patients, as 
well as those with preoperative designations of 
LVEDP greater than or equal to 12 mm Hg, car- 
diac index less than 2.0 L/min/m?, mitral regur- 
gitant lesions, or associated coronary artery 
disease continued to be at significantly greater 
risk of late mortality, as they had been at oper- 
ation. In addition, ischemic disease as a cause 
of mitral valve dysfunction, although not a 
significant influence in perioperative mortality, 
did achieve significance in relation to late 
deaths (p = 0.0374). These five predictors of late 
death would all indicate more advanced stages 
of myocardial failure at the time of operation. 

The presence of associated coronary artery 
disease in this series of patients undergoing 
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mitral valve replacement was shown to be a 


very important predictor of both early and late . 


mortality. The marked drop in late survival 
from 65% of patients without coronary artery 
disease tc 16% at nine years in patients with 
associated coronary artery disease which went 
untreated at the time of mitral valve replace- 
ment is a currently relevant finding (see Fig 3). 
Patients with coronary artery disease who 
underwent concomitant aortocoronary bypass 
grafting at the time of mitral valve replacement 
manifested early and late survival not statisti- 
cally different from those patients with normal 
coronary arteries. Although it should be 
pointed out that there obviously are patients 
with no coronary artery disease but with poor 
left ventricular function, it was considered 
significant that in our series 20 of the 39 pa- 
tients in Class IV had coronary artery disease at 
the time of operation. Of the 40 patients in our 
series with coronary artery disease, it was 
found that the 12 patients who were revas- 
cularized with vein grafts at the time of mitral 
valve replacement did not differ significantly in 
terms of cardiac index, NYHA Functional Class, 
mitral lesion (mitral stenosis, mitral regurgita- 
tion, mixed), or cause of valve disease from the 
28 patients with coronary artery disease who 
were not revascularized. These findings em- 
phasize the importance both of preoperative 
coronary arteriograms during catheterization 
on all prospective mitral valve replacement pa- 
tients more than 40 years old and of concomi- 
tant revascularization at the time of valve re- 
placement in those with notable coronary artery 
disease. 

It has been suggested by several investigators 
that long-term results may be improved by ex- 
tending operative intervention to patients who 
are less disabled and continue to respond to 
medical therapy [3, 4, 11, 14, 17]. Moderate to 
severe hemodynamic abnormalities may go 
unnoticed due to the capability of the heart to 
compensate without clinical disability, espe- 
cially with the use of diuretics and digitalis. 
Often, surgical intervention is delayed until 
end-stage myocardial decompensation. Ham- 
mermeister and co-workers [7] compared surgi- 
cal and medical management in a large group of 
patients. They reported that surgically treated 


patients with mitral valve disease, particularly 
those w_th mixed lesions (mitral stenosis and 
mitral regurgitation), mitral regurgitation, large 
end-diastolic volumes, and moderate impair- 
ment of jection fraction, had significantly im- 
proved survival over medically treated patients, 
even thcugh the surgical cohort was more se- 
verely impaired. Olesen [12] reported a 50% 
survival at six to seven years in all medically 
managed patients with mitral stenosis, a result 
significartly worse than that of several reported 
series of surgically managed patients with mi- 
tral stencsis [9, 10, 13]. 

As surgical techniques, prosthetic devices, 
quality o= myocardial preservation, and patient 
evaluation improve, the operative mortality de- 
clines. It is of note that in our series of 83 mitral 
valve replacements done before 1973, the 
periopere‘ive mortality was 12.04% compared 
with a 6.6% mortality for 106 patients operated 
on from 1373 to 1977. . 

In our series, 83% of patients who were in 
Functional Class III or IV before operation and 
are alive as of this writing are considered to be 
in Class - or II. From these data we conclude 
that mitral valve replacement should be con- 
sidered e=rly in the management of patients 
with mitr=l valve disease who exhibit signs of 
progressive deterioration from clinical and 
hemodynamic standpoints and before they 
show sigrs of severe myocardial decompen- 
sation. Furthermore, coronary arteriography 
should be done before operation in all patients 
more than 40 years old. The goal should be 
complete -evascularization at operation as well 
as mitral valve replacement. 
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Combined Multiple-Valve Procedures: 
A Five-Year Experience with 125 Patients 


Herman A. Heck, M.D., Creighton B. Wright, M.D., Donald B. Doty, M.D., 
Nicholas P. Rossi, M.D., and Johann L. Ehrenhaft, M.D. 


ABSTRACT One hundred twenty-five patients 
underwent 128 operations for combined multiple- 
valve procedures, with an overal! early mortality of 
16%. Highest mortality was associated with mitral 
and tricuspid valve disease (28.5%), followed by 
triple-valve disease (18.2%) and aortic and mitral 
valve disease (14%). Left ventricular end-diastolic 
pressure, cardiac index, mean pulmonary artery 
pressure, pulmonary artery wedge pressure, and ar- 
teriovenous oxygen difference were all significantly 
different in patients with regard to early mortality. 

Late follow-up of 94% has been achieved in 105 
early survivors, with a late mortality rate of 11.2%. 
Analysis of late functional results reveal that 85% of 
survivors improved at least one Functional Class. 
Actuarial 5-year survival of 75% was achieved for 
early survivors of operation. 


Over the past decade, early mortality from op- 
erations for multiple-valve disease has sub- 
stantially decreased. This improvement is 
largely the result of better operative and post- 
operative management, improved methods of 
myocardial preservation, and greater under- 
standing of the natural ‘history of combined 
valve lesions, with subsequent earlier operative 
intervention. Today, good rehabilitation pros- 
pects can be offered these patients with low 
operative mortality depending primarily on the 
type, severity, and duration of the lesion [1, 9, 
11, 13]. In addition, improvement in durability 
and design of mechanical prostheses as well as 
development of a relatively reliable biopros- 
thesis have notably reduced the late morbidity 
and mortality formerly associated with valve 
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replacement [2, 3, 5, 6]. This paper reviews the 
early and late results of our past 5 years’ experi- 
ence witk multiple-valve procedures at the 
University of Iowa Hospitals in an effort: to 
further substantiate the progress achieved in 
this specié.c area of valve replacement. 


Clinical Material 

Between july 1, 1972, and July 1, 1977, 125 pa- 
tients operated on at the University of Iowa 
Hospitals underwent 128 combined multiple- 
valve procedures. This represents 17.7% of all 
valve procedures done during this period. 
There were 55 male and 70 female patients with 
a mean age of 51.4 years (range, 1 to 77 years) 
(Fig 1). Thirty-seven of these patients had 
undergone 47 previous cardiovascular proce- 
dures, with an average of 11.25 years between 
procedures ‘range, 1 to 22 years) (Table 1). The 
vast majorizy of patients had rheumatic in- 
volvement cf one or more valves, with various 
other patho.ogical lesions or combinations of 
lesions comprising the other causes for valve 
dysfunction (Table 2). These lesions involved 
the aortic and mitral valves markedly in 100 pa- 
tients, the mitral and tricuspid valves in 14, and 


the aortic, mitral, and tricuspid valves in 11. 


The incidence of specific hemodynamic lesions 
and associated data are shown in Table 3. 

The princival indications for operative inter- 
vention were progressively severe congestive 
heart failure with increasing exercise intoler- 
ance, pulmonary edema, orthopnea, and 
paroxysmal nocturnal dyspnea, which placed 
the patient :n New York Heart Association 


(NYHA) Functional Class III or IV (Table 4). 


However, a variety of other much less frequent 
indications etther coexisted with these or were 
the primary indication for operation, usually in 
patients in Functional Class I or Il. With few 
exceptions, these 125 patients were severely 
symptomatic, 65 (52.0%) being in NYHA Func- 
tional Class [II and 38 (30.4%) in Functional 
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Fig 1. Age and mortality distribution of 125 patients un- 
dergoing multiple-valve procedures. (Pts = patients.) 


Table 1. Previous Cardiovascular 
Procedures in 37 Patients 








No. 
Procedure Performed 
Closed mitral commissurotomy* 29 
Open mitral commissurotomy 3 
Mitral valve replacement 3 
Aortic and mitral valve 2 
replacement 
Mitral plasty Z 
Mitral valve replacement, aortic 2 
plasty 
Aortic and mitral plasty 2 
Aortic and mitral 2 
commissurotomy 
Partial atrioventricular canal 1 
Repair coarctation 1 


"Five patients had two closed commissurotomies before 
multiple-valve replacement or repair. 


Class IV. In addition, 19 patients were in Class 
H and 3, Class I. 


Operative Procedure 

A standard median sternotomy with ascending 
aortic and superior and inferior caval cannula- 
tion for isolation of the heart from the corporeal 
circulation was used. When the aortic valve was 
to be’ replaced, myocardial preservation con- 
sisted of induced hypothermia, usually from 28° 
to 32°C, with selective coronary perfusion gen- 
erally with the heart beating. This practice was 
continued until the last 3 months of the period 


` Calcific involvement 


Table 2. Etiology of Value Dysfunction 





No. of 


Causative Factor Patients 


Rheumatic invélvement 100 
Rheumatic/SBE 
Rheumatic/prosthetic dehiscence? 
Congenital defect 

Primary SBE 

Marfan’s syndrome 
Calcific/myxomatous involvement 
Rheumatoid involvement 
Myxomatous involvement 
Calcificlischemic involvement 
Calcific/ruptured chordae 
Chronic Valsalva aneurysm 
Chronic aortic dissection 


Ree b pi Pe pe RD OAD POON NO A OF 


*One patient had seconcary SBE. 
SBE = subacute bacterial endocarditis. 


of this report at which time we began using 
hypothermic cardioplegic arrest. When only 
mitral and tricuspid procedures were per- 
formed, hypothermic ischemic arrest, usually 
from 26° to 28°C, was used with intermittent 
aortic clamping for periods of fifteen minutes, 
allowing approximately five minutes of coro- 
nary perfusion between aortic occlusions. 
Tricuspid valve replacement, when combined 
with aortic or mitral valve replacement or both, 
was done through a right atriotomy during re- 
warming after the aortic or mitral:valve or both 
had been replaced. At the completion of the 
procedure, the left ventricular vent was re- 
moved and the cardiac chambers were aspi- _ 
rated. Cardiopulmonary bypass was then 
gradually discontinued, usually without neces- 
sity for myocardial defibrillation. Preoperative 
and postoperative prophylactic antibiotics were 
utilized in all patients, and anticoagulation 
with Coumadin (‘crystalline warfarin sodium) 
in those patients with mechanical prostheses 
was begun routinely on the second postopera- 
tive day. 

‘The types and numbers of procedures per- 
formed on the 125 patients are documented in 
Table 5. When feasible, a reconstructive proce- 
dure was’ preferred to valve replacement al- 
though this was seldom possible except with 
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Table 3. Specific Hemodynamic Lesions and Associated Morta.ity 


No. of 

Patients Mortality 
Lesion (%) (%) 
Isolated MI 35 (28) 8 (22.8) 
Mixed MS, MI 33 (26.4) 6 (18.2) 
Isolated MS 57 (45.6) 5 ( 8.8) 
Isolated AI 53 (42.4) 11 (20.8) 
Mixed AS, Al 35 (28) 5 (14.3) 
Isolated AS 23 (18.4) 0 ( 0.0) 
Isolated TI 22 (17.6) 6 (27.3) 
Mixed TS, TI 2 ( 1.6) 0 ( 0.0) 


LVEDV MPAP CI 

(ml) (mm Hg) (L/min/m?) 
265.7 33.3 2.32 

192.8 35.4 2.17 

145.5 31.4 2.17 

215.1 30.0 2.13 

205.4 34.4 222 

160.1 33.6 2.36 

150.5 38.9 2.08 

150.5 26.0 1.80 


LVEDV = left ventricular end-diastolic volume; MPAP = mean pulmonary =rtery pressure; CI = cardiac index; MI = mitral 
insufficiency; MS = mitral stenosis; AI = aortic insufficiency; AS = aortic stenosis; TI = tricuspid insufficiency; TS = 


tricuspid stenosis. 


Table 4. Indications for Operation 


No. of 
Indication Patients 
Congestive heart failure 113 
Angina 17 
Cerebral embolization 12 
Peripheral embolization 4 
Syncope 4 
Active sepsis 3 
Ventricular arrhythmia 2 
Prosthetic deniscence 1 
Aortic aneurysm 3 





the tricuspid valve (52% of the time). Asso- 
ciated procedures not involving valves were 
necessary in 9 patients (7.2%). The Bjork-Shiley 
tilting-disc prosthesis was used in the major- 
ity of mitral and aortic valve replacements, 
whereas a Carpentier ring was used most fre- 
quently in tricuspid reconstruction. In the 
first half of this experience, Braunwald-Cutter 
prostheses were used frequently in aortic and, 
to a lesser extent, in mitral valve procedures 
and the Beall disc prosthesis, in mitral and 
tricuspid valve replacements. However, be- 
cause of increasing evidence of malfunction of 
many of these devices [4, 10], we have since 
used primarily the Bjérk-Shiley valve. Lately, 
we have increasingly employed the porcine 
heterograft valve in very young or very old pa- 
tients or patients who otherwise have an abso- 


Table 5. P-ocedures Performed 


No. 


Procedure Performed 


PRIMARY VALVULAR PROCEDURES 


AVR, MVR 95 
MVR, TVR 6 
AVR, MVR, TVR 7 
AVR, resuture mitral prosthesis 2 
AVR, mitral annuloplasty 1 
AVR, mitral commissurotomy 3 
AVR, MVR, tricuspid 3 
annuloplazty 
AVR, MVR, zricuspid 1 
commissuzotomy 
MVR, tricuszid annuloplasty 9 
Aortic comir_ssurotomy, mitral 1 
plasty 


ASSOCIATED TROCEDURES 


Coronary bypass grafts 

Aortic replacement 

Sinus Valsalva aneurysm repair 
Ventricular a-eurysmectomy 
Lobectomy 


memes Ww WD 


AVR = aortic valve replacement; MVR = mitral valve re- 
placement; TVE. = tricuspid valve replacement. 


lute or relative contraindication to anticoagula- 
tion. 


Early Result: 
Early mortality was considered to be any death 
within thirty days from the date of operation. 
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Overall early mortality for all multiple-valve 
procedures performed during this 5-year period 
was 16.0% (20/125). When further examined, 
mortality for the first half of this series, that is, 
before January, 1975, was 22.2% (14/63) and for 
the latter half it was 9.7% (6/62). When analyzed 
as to the procedure performed, mortality for 
aortic and mitral valve replacement was 14.0%; 
for mitral and tricuspid valve replacement, 
28.5%; and for aortic, mitral, and tricuspid pro- 
cedures, 18.2%. 

The major cause of death was low cardiac 
output (Table 6). This occurred in 11 patients 
and was usually the result of long-standing 
heart valve disease and severe myocardial de- 
compensation. Hemorrhage was a direct cause 
of death in 2 patients, 1 with an intraoperative 
atrioventricular (AV) groove laceration and the 
other with massive hemoptysis from bronchial 
varices. In 2 other patients, hemorrhage—in the 
form of a postoperative coagulopathy in 1 and 
an atrial suture line leak associated with a 
pericardial-peritoneal communication in an- 
other—and low cardiac output caused death. 
Cardiac tamponade was the direct cause of 
death in 2 patients and a contributory cause in a 
third. In 1 of these patients, an ectatic aorta, the 
result of severe congenital aortic stenosis, rup- 
tured; in 1, an AV groove hematoma bled in the 
postoperative period; and in the third, late 
chronic tamponade combined with mitral 
prosthetic dehiscence. Early prosthetic mitral 
valve dehiscence was the direct cause of death 
in 3 patients, 1 of whom had active endocarditis 
and an abscess of the annulus at the time of 
operation. Acute ventricular fibrillation was re- 
sponsible for an additional 2 early deaths. 
Dense cerebral injury and severe respiratory in- 
sufficiency were contributory to death in 2 and 
3 patients, respectively. 

As expected, the more severe the hemo- 
dynamic deterioration, the higher the mor- 
tality. This is illustrated by the higher early 
mortality found in the patients in the more se- 
vere Functional Classes: Class II, 5.3% (1/19); 
Class II, 9.2% (6/65); and Class IV, 34.2% 
(13/38). Table 7 provides mean values for certain 
hemodynamic variables in patients who died 
early compared with survivors. Every variable 
is statistically significant except left ventricular 


Table 6. Causes of Early and Late Mortality 


No. of Patients 


Primary Contributing 
Etiology Cause Cause 
EARLY 
Low cardiac output 11 2r 
Hemorrhage 2 2 
Valve dehiscence? 3 0 
Tamponade 2 1 
Ventricular 2 0 
arrhythmia 
Pulmonary 0 3 
insufficiency 
CVA 0 2 
LATE 
Sudden 3 0 
Valve dehiscence® 3 0 
Ventricular 2 0 
arrhythmia 
Myocardial 2 0 
infarction 
Valve malfunction® 2 0 
Congestive heart 1 0 
failure 
Metastatic cancer 1 0 


"Same 2 patients. 

One with primary endocarditis preoperatively. 

“Two with secondary prosthetic endocarditis. 

4Qne thrombosed Bjérk-Shiley valve and 1 stenotic porcine 
heterograft. 


CVA = cerebral vascular accident. 


end-diastolic volume. There does not, however, 
appear to be a significant difference regarding 
these variables among the various types of pro- 
cedures performed, although the differences in 
mean pulmonary artery pressure in patients 
undergoing mitral and tricuspid replacement 
(40.1 mm Hg) and the cardiac index in patients 
having triple-valve procedures (1.86 Limin/m?’) 
approach statistical significance (p < 0.1). 

One or more early postoperative nonfatal 
complications occurred in 43 patients or 41% of 
survivors (Table 8). Prominent among these 
were nonfatal low cardiac output and a sub- 
stantial incidence of significant ventricular ir- 
ritability. 
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Table 7. Preoperative Hemodynamic Variables Comparing Eazy Deaths with Early Survivors 


Variable 


LVEDV (ml) 

LVEDP (mm Hg) 

CI (Limin/m?) 

AVO, (vol per 100 ml) 
PAP (mm Hg) 

PAWP (mm Hg) 
Bypass time (min) 
Cross-clamp time (min) 


Overall (mean) 


192-7 
14.5 
2.19 
6.3 
33.0 
20.7 
129.2 
100.8 


Early Death 
(mean) Survivor (mean) p Value 
222.7 187.4 NS 
18.7 13.6 0.05 
1.76 2.26 0.01 
7.6 5.9 0.001 
43.2 31.1 0.001 
26.0 19.7 0.001 
139.1 127:1 NS 
92.1 103.2 NS 


LVEDV = left ventricular end-diastolic volume; NS = not statistically significant; LVEDP = left ventricular end-diastolic 
pressure; CI = cardiac index; AVO, = arteriovenous oxygen difference; PAP = pulmonary artery pressure; PAWP = pul- 


monary artery wedge pressure. 


Table 8. Nonfatal Postoperative Complications 


Complication 


EARLY 


Low cardiac output 
Ventricular arrhythmia 
Respiratory insufficiency 
Renal failure 

Heart block 
Hemorrhage 

Hepatic failure 

Wound infection 
Cerebral embolus 
Myocardial infarction 
Splenic infarct 
Mediastinal infection 
Gastrointestinal bleed 
Peripheral embolus 


LATE 
Cerebral embolus 


Prosthetic dehiscence 
Prosthetic stenosis 


Severe tricuspid insufficiency 


Hemolysis 

Heart block 

Myocardial infarction 
Prosthetic endocarditis 
Ventricular arrhythmia 
Tracheomalacia 
Postcardiotomy syndrome 
Hemorrhage 

Ball variance 


No. of 
Patients 


ie 
T 


pee p a a N O DD A A Oo OT ON 


BNF ENN NNNNA 


Late Results 

Of the 105 early survivors, we have recent in- 
formation on 99, for a follow-up of 94.3%. 
Fourteer. patients died 5 to 44 months (mean, 
14.8 months) following operation, for an overall 
late morzal:ty of 13.3%. These deaths repre- 
sented 12.7% (3/18) of Functional Class II early 
survivor=, 13.5% (8/59) of Functional Class MI 
early survivors, and 12.0% (3/25) of Functional 
Class IV 2azly survivors. 

Cause= of late mortality are shown in Table 6. 
Sudden unexplained death and late valve de- 
hiscence accounted for 3 deaths each. In 1 of the 
patients wFo died suddenly, ball variance of an 
aortic Braunwald-Cutter prosthesis was highly 
suspected clinically, but death occurred two 
days befre scheduled recatheterization. Two of 
the late vave dehiscences were the result of 
secondary prosthetic endocarditis, both re- 
quiring -eoderation. The other dehiscence was 
in a patert whose initial operation was for 
subacute primary bacterial endocarditis, but 
postmor2=m examination showed no reinfec- 
tion associated with the late dehiscence. In two 
patients lete prosthetic valve malfunction 
necessitated reoperation but the patients died 
subsequently. One had thrombosis of a Björk- 
Shiley velv2 in the tricuspid position and the 
other, stenosis of a porcine heterograft in the 
mitral pcsition. Acute myocardial infarction (2 
patients. cocumented ventricular arrhythmia 
(2), terminal congestive heart failure (1), and 
metastatic cancer (1) accounted for late deaths 
in 6 patients. 
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Table 9. Late Functional Status in Survivors 
Compared with Preoperative Functional Status® 





Postoperative NYHA 





Preoperative Functional Class 
NYHA Functional ———— 
Class I II II IV 
I 2 1 0 0 
II 9 4 1 0 
Ul 31 12 5 0 
IV 7 10 3 0 





4Based on recent follow-up information on 85 out of 91 
(93.4%) late survivors. 


NYHA = New York Heart Association. 
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Fig 2. Actuarial survival of patients, with and without 
operative mortality, undergoing multiple-valve proce- 
dures. (SEM = standard error of the mean.) 


Significant late nonfatal complications oc- 
curred in 18.0% of early survivors (see Table 8). 
Highly suspected or documented cerebral em- 
bolic episodes and prosthetic paravalvular leak 
occurred in 6 patients, each with a variety of 
other late complications occurring to a lesser 
extent. 

Of the late survivors followed recently, 84.5% 
(72 patients) show clinical improvement of one 
or more Functional Classes, whereas only 
15.5% (13 patients) have failed to improve or 
have worsened since operation (Table 9). Actu- 
arial survival for patients who underwent 
multiple-valve procedures, with and without 
early mortality, is presented in Figure 2. Actu- 
arial survival as to Functional Class and proce- 
dure performed is illustrated in Figures 3 and 
4, respectively. 
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Fig 3. Actuarial survival of patients undergoing 
multiple-valve procedures according to preoperative 
New York Heart Association Functional Class (including 
early mortality). (SEM = standard error of the 

mean.) 
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Fig 4. Actuarial survival of patients undergoing 
multiple-valve procedures according to type of proce- 
dure performed (including early mortality). (SEM = 
standard error of the mean.) 


Comment 


Analysis of our experience with multiple-valve 
procedures over the last 5 years shows our 
overall early mortality of 16.0% to be well 
within the established range of 10% to 20% re- 
ported by others [1, 9, 11, 13]. There is a de- 
crease in mortality in the latter half of the series 
coincident with progress in the understanding 
of the natural history of these lesions and im- 
provements in the perioperative management 
of severely ill cardiac patients. 

Combined mitral and tricuspid disease in our 
series was found to be associated with a much 
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poorer prognosis than the other combinations 
of multiple-valve disease [14]. The mean pul- 
monary artery pressure of 40.1 mm Hg in this 
group of patients, compared with 31.8 mm Hg 
for patients with aortic and mitral disease and 
32.9 mm Hg for those with triple-valve disease, 
is the only variable that approaches statistical 
significance. It suggests that the reason for this 
poorer prognosis is due to long-standing, se- 
vere right ventricular hypertension and failure, 
particularly once right ventricular ejection is 
adversely altered by creation of a competent 
tricuspid valve. Indeed, a similar mechanism 
has been invoked as the reason for the higher 
mortality observed with mitral insufficiency. 
Ross and Braunwald [12] have shown that a re- 
duction in afterload to the left ventricle signifi- 
cantly improves myocardial performance when 
dealing with individuals with depressed myo- 
cardial function. Kouchoukos and co-workers 


[8] confirmed these observations in patients. 


with predominantly mitral insufficient lesions. 
Basing their study on work by Hirshorn and 
Kaiser [7], they postulated that this may be due 
to reduction of severely elevated left ventricular 
end-diastolic pressure and subsequent im- 
provement in subendocardial myocardial per- 
fusion. Similarly, it can be postulated that re- 
placement of the mitral or tricuspid valve in the 
face of an insufficient lesion effectively in- 
creases resistance to ventricular ejection, in- 
creases left ventricular end-diastolic pressure, 
diminishes subendocardial perfusion, and sub- 
sequently hinders rather than improves per- 
formance of the already volume-overloaded, 
impaired myocardium. Accordingly, in this se- 
ries, when moderate to severe insufficiency or 
mixed insufficiency and stenosis was the 
dominant mitral lesion, mortality was 22.8% 
and 18%, respectively, compared with 8.8% 
when pure stenosis was present. These hearts 
were notably more dilated than hearts with 
mitral stenosis (p < 0.001), many no doubt 
performing on the critical end of the Starling 
curve before creation of mitral competence by 
mitral valve replacement. 

Mortality was also seen to be higher when 
significant valve insufficiency as opposed to 
stenosis was present at the aortic area (see Table 
3). Although one might speculate this to be the 


result of a predominance of regurgitant mitral 
lesions associated with aortic insufficiency, in 
fact, the frequency of such a significant mitral 
lesion wés essentially equal in all types of aortic 
lesions: specifically, 60%,-54%, and 48%, re- 
spectively, with aortic insufficiency, mixed 
aortic st2nosis and insufficiency, and aortic 
stenosis. These hearts were larger, as expected, 
than those with pure stenosis. (p < 0.1) and 
were sutjected to a higher afterload once com- 
petency nad been restored to the aortic valve. 

Early mortality was largely the result of in- 
adequate postoperative myocardial perfor- 
mance. It was influenced both by the he- 
modynamic lesion and the preoperative sta- 
tus of tne patient clinically as estimated by 
Functior.al Class. Significant differences were 
also apparent in left ventricular end-diastolic 
pressure, cardiac index, mean pulmonary artery 
pressure, pulmonary artery wedge pressure, 
and arteriovenous oxygen difference for sur- 
vivors compared with the patients who died | 
early. Bypass time and cross-clamp time were - 
not four.d to be significant factors in early sur- 
vival (see Table 7). 

Early and late valve-related complications in 
this ser.es were similar to those reported by 
others [Ż, 9, 11, 14]. Late prosthetic endocarditis 
developed in only 4 early survivors (3.8%); 
however, in 2 of these 4 it was fatal. Valve de- 
hiscence, either documented or suspected by a 
new diastolic murmur occurred in 12 patients 
(9.6%), 3 early and 9 late, with an associated 
mortality of 50%. It was associated with pre- 
operatire or postoperative infection in 5 pa- 
tients, 4 of whom ultimately died. Of the 
remaining seven patients, 2 died of valve de- 
hiscenc2 in the early postoperative period, 1 
required late reoperation, and 4 were thought to 
have dehiscence, at the time of writing, on the 
basis oZ a new diastolic murmur. Cerebral em- 
bolic symptoms or complications developed in 
8 early survivors and an additional patient sus- 
tained a peripheral embolus early after opera- 
tion. Thus, the overall embolic rate among sur- 
vivors was 8.6%. Primary valve malfunction 
occurred in 5 patients and resulted in 3 deaths, 
for a mortality of 60%. These included two valve 
stenoses (one Beall and one porcine) with 1 
death, ball-variance in two Braunwald-Cutter 
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valves with 1 death, and one Bjérk-Shiley 
tricuspid prosthetic thrombosis, resulting in a 
reoperative death. 

Late survival and functional improvement are 
encouraging. Fully 85% of patients who sur- 
vived operation have improved at least one 
Functional Class and 57% have improved two 
or more Functional. Classes. Five-year survival 
of patients who-survive operation is projected 
by actuarial methods to be approximately 75%. 
As previously shown by Stephenson ar.d co- 
workers [14] and as supported by our data, the 
results are unaffected by the type of valve lesion 
or the preoperative functional status of the pa- 
tient. 

In summary, the results of operation for 
multiple-valve disease have substantially im- 
proved over the last 5 years and such operations 
should now be able to be performed with an 
overall mortality of less than 10%. Operative 
mortality should continue to decrease with such 
improvements as balloon pump support, 
hypothermic cardioplegic myocardial preser- 
vation, and pharmacological unloading of the 
ventricle in the perioperative period. However, 
the most notable factor adversely affecting 
mortality appears to be delay in operation until 
such time as the patient has sustained s2vere 
myocardial deterioration. This is especially true 
when there is valve insufficiency. Therefore, 
constant physician awareness of the necessity 
for earlier operative intervention in such pa- 
tients should reduce early mortality still further. 
Favorable rehabilitation and survival, im- 
proved valve prostheses, and acceptable early 
mortality should encourage early investigation 
and intervention in every patient in whom 
symptoms of myocardial dysfunction resulting 
from heart valve disease are suspected. 
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Reoperation for Coronary 


Graft Failure: 


Clinical and Angiographic Results in 43 Patients 


Pascal Vouhé, M.D., and Claude M. Grondin, M.D. 


ABSTRACT Reoperation because of early or late 
coronary graft failure was performed in 43 patients 
who were part of a group of 1,985 patients operated 
on for coronary artery disease and followed for up to 
7 years. Considerable variation in the results was 
noted depending on whether the patients were 
symptomatic or not before reoperation. Of the 
symptomatic patients, 85% were asymptomatic late 
(30 months) after reoperation whereas of those pa- 
tients reoperated on despite the apparent lack of 
symptoms, 71.5% remained free from angina later 
on. Moreover, patency rate was high (94.4% or 17/18 
grafts) in the first group and much lower (38.4% or 
5/13 grafts) in those reoperated on solely on the basis 
of an early angiogram showing malfunctioning 
grafts. Patency rate was higher when the graft was 
totally replaced (92.3% or 12/13 restudied) rather 
than repaired simply through interposition of a seg- 
ment of vein (37.5% or 3/8). It is apparent that results 
of reoperation in symptomatic patients are identical 
to those of an initial revascularization. On the other 
hand, patients who are asymptomatic despite early 
evidence of malfunctioning grafts should be reoper- 
ated on only when optimal angiographic conditions 


are present, that is, a coronary artery that is a good 


size, severely narrowed, and supplying a large myo- 
cardial area. 


Although the majority of patients who undergo 
coronary artery grafting for incapacitating an- 
gina experience relief [2, 4, 19], a certain 
number admit to recurrence or persistence of 
symptoms [2, 4, 7] and are considered for a sec- 
ond operation. The results of such reinterven- 
tions appear to vary considerably: to some 
investigators the operative mortality and mor- 
bidity are comparable to those of a first opera- 
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tion (20.22, 32], while to others the results seem 
less satisfactory [1, 21, 28, 31, 34]. Factors re- 
sponsit.e for recurrence of symptoms are 
numercus [15, 17] and include intrinsic graft 
disease _5, 6, 18], natural progression of the un- 
derlyin= coronary artery disease [3, 9, 13, 27], 
and inedequacy of the first operation [33]. 

The vurpose of the present report is to 
analyze the circumstances and results of reop- 
eration in 43 patients who, out of a group of 
nearly =,000 patients operated on for coronary 
artery disease, underwent a second myocardial 
revasct_arization following early or late failure 
of the initial operation. 


Materiz1 and Method 

Between late 1969 and early 1977, 1,985 patients 
underwent coronary artery grafting at the 
Montreal Heart Institute. Of these patients, 43 
(2.2%) were reoperated on because of failure of 
the first procedure or appearance of new coro- 
nary arterial lesions. From these 43 patients, 
two distinct groups emerged. One comprised 
18 asymptomatic patients reoperated on early 
follow:ng disclosure on the postoperative an- 
giogram of a stenotic or an obstructed graft. No 
patient in this group experienced recurrence of 
pair: or a myocardial infarction as a result of the 
unsuccessful operation. The second group in- 
cludec_ 25 symptomatic patients, most of whom 
were ~zeoperated on late after the first op- 
eratior. All had a typical anginal syndrome, 
often <f unstable nature. 

Group 1 patients (16 men, 2 women) had 
either an internal mammary artery graft (2 pa- 
tients’ or a saphenous vein graft (16 patients). 
Eleven patients had occlusion of 1 graft or more, 
6 had stenosis in a graft (2 at the internal mam- 
mary—2oronary artery anastomosis, 4 at the aor- 
tic orifice), and 1 had a partially occluding 
throm Dus in a vein graft (Table 1). A probable 
factor of obstruction was identified in 5 of the 
11 patents with an occlusion. It was a low graft 
flow (<40 ml per minute) in 3, a kink between 
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Table 1. Angiographic Finaings before Reoperation 





No. of 


Finding Patients 





GROUP 1 (18 PATIENTS) 





Graft occlusion 11 (13 occlusicns) 


Graft stenosis > 6 
Aortic orifice 4 
Mammary-coronary 2 

anastomosis 

Nonoccluding thrombus 1 





Group 2 (25 PATIENTS, 28 REOPERATIONS) 





Graft failure alone 12 

Progression of disease 6 
alone 

Incomplete first 3 
procedure alone 

Graft failure and 5 


progression of coronary 
artery disease 


Graft failure and 2 
incomplete first 
procedure 


two side-to-side anastomoses in 1, and a nota- 
ble coronary’ narrowing beyond the anas- 
tomosis in 1. In the remaining 6 patients or 
one-third of Group 1 patients, no cause for the 
early graft failure was detected. Injection of dye 
in the coronary artery anastomosed to the mal- 
functioning graft showed occlusion of the artery 
at the site of anastomosis in 3 patients (16.7%). 
Reoperation in Group 1 was performed be- 
tween thirteen and twenty-two days after. the 
first procedure. 

In patients reoperated on for recurrence of 
symptoms (Group 2) there were 24 men and 1 
woman. Twenty-eight reoperations were car- 
ried out, 3 patients having 2 reoperations. The 
time between the first and second operation 
averaged 22.8 months. All patients who experi- 
enced recurrence within 1 month postopera- 
tively were;seen initially with unstable angina. 
In all, 16 of the 28 operations (57.1%) were per- 
formed for unstable angina. Failure of 1 or more 
grafts accounted for 12 (42.8%) of the 28 reoper- 
ations, progression of coronary artery disease 
in nongrafted arteries for 6 (21.4%), and a com- 
bination of these two factors for 7 (25%). In 3 


instances (10.7%) the first operation had been 
incomplete; a significant narrowing (270%) 
was either missed or believed to involve a small 
myocardial area. 


Surgical Technique 

The sternum is opened with an oscillating saw 
as in a primary sternotomy, without prior dis- 
section of the retrosternal space with the finger 
or a blunt instrument. Such a dissection is 
hazardous and may lead to blind perforation of 
the right ventricle whereas the saw held tightly 
against the undersurface of the sternum will not 
lacerate the right heart chambers. This unfortu- 
nate event did not occur in our series. Once the 
sternum is split, its edges are held up alter- 
nately by the assistant as the heart and medias- 
tinal structures are peeled off with sharp dis- 
section. Dissection is most difficult for 4 or 5 
cm on each side of the sternum, around the site 
of previous cannulations, and along the grafts 
be they patent or not. Because of dense upper 
mediastinal adhesions, it is often necessary— 
except in early reoperations—to cannulate the 
femoral artery. Two cannulas are inserted in 
the right atrium for venous drainage and the 
left ventricle still is vented through the left 
atrium on the right side. Adhesions seem to 
peak at four to six weeks, become much less 
vascular after 6 months, and are very dense at 
all times on the ascending aorta. The pericar- 
dium had not been closed at the first operation, 
a policy which since has been modified. Dis- 
section of the left ventricle, which offers no 
particular difficulty except in the rare instance 
when the apex has been the site of previous 
venting, is done once cardiopulmonary bypass 
has been instituted and the heart has been ar- 
rested and decompressed. On the other hand, 
dissection of previously grafted arteries may be 
time-consuming, and finding nongrafted ar- 
teries may prove very difficult when they have 
an intramyocardial course. When the right 
coronary artery must be grafted again just at the 
posterior descending branch or beyond, it 
should not be looped but rather opened layer 
by layer because it is often fragile, and the aorta 
should be clamped, the cavae looped so as to 
ensure a bloodless field. For a grafted left an- 
terior descending coronary artery, it is best to 
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follow the graft to locate the artery rather than 
grope for it in the interventricular groove. The 
graft may then be opened just over the distal 
anastomosis, after the aorta has been clamped 
to avoid embolization of debris. 

The arteriotomy either is extended proxi- 
mally and distally with the new graft strad- 
dling the site of the old one or is carried distal 
to the previous arteriotomy using its apex as 
the heel of the new anastomosis. At times, 
it may be advisable to graft a large diagonal 
branch communicating with the anterior de- 
scending coronary artery rather than use the 
latter as the site of the new graft. Similarly, 
for reoperation on the circumflex coronary 
artery, it is often possible to graft a marginal 
branch different from the one utilized at the 
initial operation. Cardioplegia tends to ham- 
per dissection of the arteries and should be 
used only after they have been dissected 
out and, at times, incised. If more than one 
graft is to be performed, the aorta may be 
unclamsed between each coronary anastomosis 
to facilizate the arteriotomy and the cardioplegic 
solution injected again. The occluded graft may 
be either left in situ or peeled off the myocar- 
dium. At the site of the aortotomy, the graft is 
resected and the new suture line encompasses 
both the aortic wall and the thin remnant of 
graft. When a sizeable stump remains patent at 
both ends of the graft or when the graft has but 
a localized narrowing, the entire graft should be 
replaced rather than a simple segment of graft 
interposed because venovenous anastomoses 
may kink or shrink. Furthermore, old patent 
grafts often contain atherosclerotic material, de- 
spite the rather smooth appearance on angiog- 
raphy. 

A variety of procedures was utilized in both 
groups of patients (Table 2). Twice, early in our 
experience, a Vineberg internal mammary im- 
plantation was used when it became evident at 
reoperation that the artery was too small for re- 
peat grafting. With further experience, such a 
conclusion was arrived at simply by review of 
the angiographic findings. Fifteen grafts were 
inserted in previously nongrafted arteries. 
Blood flow averaged 90 ml per minute in these 
so-called new grafts. Thirty-nine procedures 
were carried out on arteries that had been 


Table 2 Reoperations Performed 
in Both Groups of Patients 





No. of 


Type of Procedure Procedures 





Vineberg procedures 2 


Procedt-es on previously 15 
norgrafted arteries 


Interr.al mammary artery 1 
gras. 
Saphenous vein graft 14 


Procedt-es on previously grafted 39 
arteries 


Replazement of internal 1 
mammary artery graft with 
veir graft 

Repat of graft (complete 38 
replacement, interposition, 


or plasty) 


grafted previously. In 7 instances, a graft was 
sutured on the site of the previous one or just 
beyond it; in 6 instances, arterioplasty was 
perforr-ed at the distal or proximal anas- 
tomosiz; and in the remaining 16 instances, a 
segment of graft was interposed between two 
patent stumps. Blood flow averaged 80 ml per 
minute in the 39 grafts thus repaired or re- 
placed. The second procedure was believed to 
have corrected all existing perfusion deficit 
(correc-ion of all stenoses greater than 50%) in 
60% of patients. 


Results 

There were no operative or postoperative 
deaths Two patients needed reoperation for 
persistent bleeding, and in 4 patients, all in 
Group 2, a postoperative myocardial infarction 
develozed. Other perioperative complications 
included arrhythmias (4 patients), low cardiac 
output (1 patient), pulmonary embolism (1), 
and a cerebrovascular accident (1). 

Late -ollow-up (mean, 30 months; range, 2 to 
84 months) was obtained for 36 patients (84%). 
Two died, 1 following a myocardial infarction at 
6 monchs and the other of histiocytosis X 41⁄2 
years .ater. Two patients suffered a nonfatal 
infarcton late after reoperation. Twenty-six of 
the 34 survivors (76%) were asymptomatic at 
the time of follow-up while the remainder had 


- 
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Prior to first After reoperation 


procedure 

10 | (71.5%) 
i 5 4 |i (28.5%) 
tl 7 O Ill 
IV 2 0 IV 


Fig 1. Symptomatic improvement in 14 survivors of. 
Group 1, according to New York Heart Association 
Functional Class. 


Prior to reoperation After reoperation 


17 | (85%) 
ra) 
I 7 3 1 05%) 
Zz 
I 7 5 o Ill 
V ó O IV 


Fig 2. Symptomatic improvement in 20 survivors of 
Group 2, according to New York Heart Association 
Functional Class. 


New York Heart Association Functional Class II 
angina (Figs 1, 2). In all, 32 of the 34 survivors 
(94%) improved by at least one functional class. 
One patient in each group showed no im- 
provement. An angiographic study was made 
between 1 and 72 months after operation 


(mean, 32 months) in 25 patients who had had 
31 grafts inserted onto so-called old or new ar- 
teries (Table 3). Graft patency rate in Group 1 
was 38% while 17 of the 18 grafts (94%) in 
Group 2 patients were open. Overall graft pa- 
tency rate was 70.9% (22/31) in both groups. 
Five of the 8 interposed grafts reevaluated by 
angiography were found to be patent. All five 
occlusions occurred in Group 1 patients. 


Comment 

It is apparent from this study and others [25, 32] 
that a second operation for coronary artery 
grafting may be carried out without undue risk 
and yield satisfactory results. Accidental entry 
into the right cardiac chambers or sectioning of 
functional grafts did not occur in this series and 
represents a rare complication which can be 
avoided [29]. Deciding on the correct procedure 
to be performed in the presence of an occluded 
or a stenotic graft may prove a greater chal- 
lenge. Frequently in the case of occluded grafts, 
a stump remains patent at each end. This allows 
for simple interposition of a segment of vein, a 
procedure which, in theory, may be carried out 
without cardiopulmonary bypass. Results in 
the present series suggest that this technique 
often may prove inappropriate. Indeed, 5 of 
the 8 grafts reconstructed in this manner and 
studied by angiography were occluded, 


Table 3. Postoperative Angiography in 25 Patients (31 Grafts) Who Underwent Reoperation 


Procedure 


Group 1 


Repair of aortic orifice 

Repair of mammary-coronary anastomosis 
Saphenous vein interposition 
Replacement of vein graft 


Total 


Grour 2 


Arterioplasty of vein-coronary anastomosis 
Saphenous vein interposition 

Replacement of vein graft 

New internal mammary artery graft 

New saphenous vein graft 


Total 
Total Groups 1 and 2 


No. of Grafts No. of Patent Grafts 


2 0 
1 1 
6 1 
4 3 
13 5 (38%) 
1 1 
2 2 
6 6 
1 1 
8 7 
18 17 (94%) 
oi 22 (71%) 
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whereas 9 of the 10 grafts totally replaced and 
restudied remained patent. However, all five 
occlusions in simple graft interposition oc- 
curred in patients who were seen with early 
graft occlusion, which may indicate that the 
mechanism responsible for reocclusion was 
poor arterial runoff rather than the particular 
surgical technique utilized. Nevertheless, like 
others [31], we have given up the interposition 
technique in favor of complete replacement, 
though using one or both previous anastomotic 
sites if necessary. Interposition should not be 
used in a case of late stenosis since it is usually 
the result.of atherosclerosis, a process which, as 
a rule, involves the entire graft despite the ap- 
parent localized aspect at angiography [14]. 
Perusal of the literature shows the results of 
reoperation for revascularization to be quite 
variable: reintervention is stated to be asso- 
ciated with a high operative mortality [1, 21, 28, 
31], frequent postoperative bleeding [20], and 
infarction [34] or to yield results comparable to 
those obtained with revascularization per- 
formed only on one occasion [20, 22, 32]. 
Likewise, functional results vary: 94% of pa- 
tients in the present series had improved by at 
least one NYHA Functional Class late (30 
months) after reoperation, including 74% who 
were symptom free. These figures are in accord 
with those of several authors (20, 22, 32] and at 
variance with the results reported by others [28, 


29]. The discrepancy may be due to the fact that: 


reoperation is performed in two categories of 
patients: those who experience recurrence of 
symptoms—usually late after operation—-and 
those who have few or no symptoms despite 
occlusion or malfunction of coronary vein 
grafts. Factors responsible for early graft occlu- 
sion differ from those associated with late graft 
failure. Early after operation two major factors 
stand out, namely, errors of technique and poor 
arterial runoff [16, 23]. Since the recipient artery 
becomes occluded in only one-third of in- 
stances of early graft thrombosis [8, 24], it may 
be inferred that technically most early graft fail- 
ures are amenable to surgical management. Re- 
sults of the present study indicate that nue as- 
sumption may be erroneous. 

Despite the low (38%) graft patency aia 
in our asymptomatic patients, however, a high 


percentage (71%) of them were free from angina 
on late follow-up. This finding suggests that the 
myocard:al segment revascularized again was 
negligibl= or became infarcted as a result of the © 
second operation. Recent reports have cast | 
some dcubt on the time-honored concept of 
disappezrance of angina following myocardial 
infarcticn [26]. Improvement in these patients 
may have resulted also from patency of other 
grafts. l 

We believe that reoperation is not warranted 
in asymptomatic patients with early graft- 
thrombcsis unless the myocardial area still in 
jeoparc,, following failure of the first interven- 
tion is -mportant and is supplied by a large 
coronary artery. On the other hand, failure late 
after revascularization is secondary either to 
intrinsiz graft disease [5, 10, 12, 14]fibrous 
hyperplasia or atherosclerosis—or to the ap- 
pearanc2 or progression of disease in non- 
grafted arteries [27] and, rarely, the-result of 
disease developing distal to a patent graft [14]. 
Fibrous hyperplasia is ubiquitous and regarded 
by sor-2 as a precursor to atherosclerosis [10]. 
There i= some evidence to suggest that patients 
who show progression of coronary artery dis- 
ease are more likely to develop atherosclerotic 
changes. in their grafts late after operation [14]. 
Five o: -hè 8 grafts recovered late after operation 
in the present series showed histological evi- 
dence of atherosclerosis. The increasing num- 
ber of reports on this topic appearing in the 
literature [6, 10, 12, 14] suggests that athero- - 
sclerosis will ultimately prove to be the single 
most important factor of late graft failure. The 
results of some animal experiments indicate 
that hrperlipemia hastens vein graft atheroscle- 
rosis [=0]. 

Ang:na recurring after coronary bypass oper- 
ation is often unstable, a trait underlined in 
previcis reports [34], and was present in nearly 
60% ci our patients. This peculiar onset may be 
due tc either alteration in the collateral circula- 
tior. resulting from the initial revascularization 
or, mere likely, to the severe impact recurrence 
has cr a patient who fully understands its’ im- 
plicaz.ons. On the other hand, reoperation in 
symp zomatic patients may be rewarding, as 
evidenced by both the high proportion of pa- 
tients who were free from symptoms (85%) on 
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late follow-up and the optimal patency rate 


(94%) obtained in these circumstances. Such a 


correlation between clinical and angiographic 
results has been well documented in much 
larger series of patients operated on for the first 
time [2, 4, 13,19]. __ 

In summary, the results of the present study 
demonstrate that the indications for reopera- 
tion in patients who have had previous coro- 
nary artery grafting do not differ from those 
that justify a first revascularization. Indeed, re- 
sults in patients reoperated on because of recur- 
rence -or persistence of symptoms were com- 
parable to those reported in patients under- 
going the operation for the first time from the 
standpoint of operative risk, postoperative im- 
provement, and graft patency rate. However, 
in asymptomatic patients with malfunctioning 
grafts, the present study suggests that reopera- 
tion may be of greater benefit to those patients 
who have a large vascular bed and an important 
myocardial area in jeopardy. In the others, the 
expected improvement is marginal and the graft 
patency rate is low. 
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The : Twenty-sixth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Hilton Palacio Del Rio Hotel, San 
Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
cians except for guest speakers, authors and 
co-authors on the program, and residents. 
Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1979, to Richard E. Clark, M.D., 
Suite 3108, Queeny Tower, 4989 Barnes Hospi- 
tal Plaza, St. Louis, MO 63110. Abstracts should 
be double-spaced on one side of one sheet of 


paper, with a 1-inch left margin, and limited to 
200 words. All slides used during the presenta- 
tion must be 35 mm. The abstract must list a 
member as a co-author. Manuscripts of ac- 
cepted papers must be submitted to The Annals 
of Thoraciz Surgery by Oct 15, 1979. 

Applica-ions for membership should be 
completed by Sept 1, 1979, and forwarded to 
Thomas C. Gentsch, M.D., 1150 NW 14th St, 
Miami, FL 33136. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 
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Acquired Supravalvular Aortic Stenosis 


W. G. Williams, F.R.C.S.(C), J. Mathieu, F.R.C.S.(C), 
G. Culham, F.R.C.P.(C), G. A. Trusler, F.R.C.S.(C), 


and P. M. Olley, F.R.C.P.(C) 


ABSTRACT Severe supravalvular aortic stenosis 
was discovered at reoperation in 3 children with re- 
current stenosis of the left ventricular outflow tract. 
The lesion consisted of gross thickening of the sinus 
ridge, most marked at the site of the previous aor- 
totomy. The thickening had shortened the free edge 
of one or more leaflets and had distorted adjacent 
commissures. Preoperative angiography had indi- 
cated valve stenosis, but little commissural fusion 
was found at operation and the outflow tract 
obstruction was relieved by inserting a prosthetic 
patch in the ascending aorta. Recognition of this iat- 
rogenic pathology is important to avoid supravalvu- 
lar stenosis after aortic valvotomy and unnecessary 
valve replacement in children requiring reoperation 
for recurrent left ventricular outflow tract obstruc- 
tion. 


Severe aortic valve stenosis in children can be 
managed safely and with excellent long-term 
palliation by open aortic valvotomy [1, 2, 5, 9]. 
Although restenosis is likely, valvotomy nearly 
always delays the need for valve replacement 
for many years. 

This paper reports on 3 children in whom 
persistent or recurrent stenosis of the left ven- 
tricular outflow tract was due to severe su- 
pravalvular narrowing. At reoperation, patch 
aortoplasty without valve replacement relieved 
the left ventricular outflow tract gradient. 


Material and Methods 

We reviewed the records of all patients who 
underwent operation for aortic valve ste- 
nosis at the Hospital for Sick Children dur- 
ing the 12-year period 1965 through 1976. There 
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were 135 children who had a primary opera- 
tion. Of these, 12 required reoperation. 

One hundred thirty-five children 1 day to 18 
years old underwent primary aortic valvotomy. 
The operation was performed during car- 
diopulmonary bypass with the heart temporar- 
ily anoxic. An oblique aortotomy was per- 
formed and in most patients extended into the 
noncoronary sinus. Each of the fused valve 
commissures was incised to within 1 to 2 mm of 
the aortic wall. Thirteen patients, including 12 
infants less than 6 months old, died after oper- 
ation. 

In only 2 children was the primary procedure 
prosthetic valve replacement. They had con- 
genital aortic stenosis with associated severe 
aortic insufficiency. 

Of the 122 children who survived the initial 
aortic valvotomy, 12 underwent secondary pro- 
cedures for recurrence of outflow tract stenosis. 
Five required valve replacement. Patch graft 
enlargement of the ascending aorta to accom- 
modate the prosthesis was necessary in 2 of 
these 5. The interval between the initial val- 
votomy and prosthetic valve replacement 
ranged from 3 to 8 years (average, 6.8 years). 

The other 7 children were managed without 
prosthetic replacement. The interval between 
the first and second operation ranged from 21 
months to 12 years (average, 7.7 years). Repeat 
valvotomy was successful in 4 children, and in 
the other 3 (Table) repair of the supravalvular 
area was required to relieve the obstruction. 

The preoperative recognition of supravalvu- 
lar stenosis was complicated by the angio- 
graphic demonstration of limited valve leaflet 
motion with central jetting of blood through the 
apparently stenotic leaflets. The significance of 
the prominent sinus ridge was not appreciated 
and is easily missed because of its location over 
the noncoronary sinus (Figs 1, 2, 3). 

In each child with supravalvular stenosis, the 
cause of obstruction was not discovered until 
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Features of 3 Children with Acquired Supravalvular Stenosis 


snes naennnnnEESenenenmennniinmnaeemmnmmmeermmneeeeneneee en OU 





Interval Left Ventricular Outflow 
Age at Between Tract Gradient (mm Hg) 
Patient Operation Operations Angiographic 
No. (yr) (yr) Findings Catheterization After Repair 
1 15 1.9 Doming of leaflets in systole, 100 5 


with central narrow jet; 
prominence of sinus ridge 
(see Fig 1) 


2 16 3 Hypoplasia of proximal end of 135 28 
aorta; peculiar undulating 
movement of right and non- 
coronary leaflets (see Fig 2) 


3 15 12 Severe narrowing of sinus 170 35 
ridge; right and noncoro- 
nary leaflets tethered to 
sinus ridge and moving to- 
ward sinus wall in systole 
(see Fig 3) 





ECG = electrocardiogram. 





A 


Fig 1. (Patient 1.) (A) Angiogram of the aortic root be- 
fore initial valvotomy demonstrates poststenotic dilata- 
tion of the ascending aorta (retouched). Diameter of the 
sinus ridge is 80% of the descending aorta. Doming of 
the leaflets was present during systole. (B) Before reop- 
eration for outflow tract stenosis, a repeat aortic angio- 
gram demonstrated doming of the leaflets in systole with 
a narrow central jet (retouched). The sinus ridge ap- 
pears narrow compared with the dilatated ascending 
aorta but its diameter is the same as that of the de- 
scending aorta. 


— 
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Pathology Treatment Results 

Stenotic, thickened sinus ridge; Onlay patch (30 mm wide) from Asymptomatic 6 mo postop.; 
opening (5 mm diameter) into noncoronary annulus to post- hypertensive (160/95 mm Hg) and 
noncoronary sinus stenotic dilatation obese; left ventricular hyper- 

trophy 

Gross thickening of sinus ridge; Onlay patch (15 mm wide) from Asymptomatic 2 yr postop.; mild re- 
narrowed (4 mm) opening into annulus of noncoronary sinus sidual aortic stenosis; borderline 
noncoronary sinus; free edge to dilatated portion of ascend- left ventricular hypertrophy on 
of noncoronary leaflet shor- ing aorta ECG 
tened 


Severe narrowing at sinus ridge Resectioning of thickened sinus Asymptomatic 1 yr postop..; left 


(11 mm diameter); stenotic ridge and freeing of right coro- ventricular hypertrophy 
opening into right (4 mm) and nary leaflet; onlay patch from 
noncoronary (5 mm) sinus annulus of noncoronary sinus 

to dilatated portion of ascend- 

ing aorta 


ew 





A 


Fig 2. (Patient 2.) (A) A left ventricular angiogram in 
the left anterior oblique projection before reoperation 
demonstrates apparently mild narrowing of the sinus 
ridge (retouched). Thickening of the left coronary leaflet 
is evident. (B) In the left anterior oblique projection, 
tubular narrowing of the ascending aorta is present but 
the extreme narrowing of the sinus ridge discovered at 
operation is not obvious radiographically (retouched). 
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Fig 3, (Patient 3). Right anterior oblique projection 
made before reoperation demonstrates the prominent 
sinus ridge over the noncoronary sinus (retouched). The 
noncoronary sinus empties poorly in systole although 
this may be related to catheter position. The noncoro- 
nary and right coronary leaflets balloon toward the 
sinus during systole, resulting in an undulating move- 
ment. Angiogram demonstrates the narrowed opening 
into the noncoronary sinus. 


operation. External narrowing of the proximal 
ascending aorta was somewhat more pro- 
nounced than usual, but not until the aorta was 
opened was the extreme narrowing of the sinus 
ridge appreciated. The opening into the non- 
coronary sinus (and right coronary sinus in Pa- 
tient 3) was a 3 to 4 mm orifice (Fig 4A). The 
underlying normal sinus could not be vi- 
sualized until the aortotomy was extended 
through the sinus ridge. The valve leaflet fusion 
was minimal and basically unchanged from the 
first operation. The protruding fibrous tissue 
was trimmed from the sinus ridge and the 
tethered leaflets were freed by sharp dissection. 
The oblique aortotomy was then closed with a 
Dacron patch (Fig 4B). 


Comment 

The clinical features and surgical treatment of 
congenital supravalvular aortic stenosis have 
been previously described [4, 6, 7]. Only one 
report mentions the occurrence of supravalvular 
stenosis following previous valvotomy [8]. We 
detected this complication in only 3 of 122 chil- 





B 


Fig 4. (A) Gross thickening of the sinus ridge results in 
more severe internal narrowing of the aorta than is ap- 
preciatea from its external appearance. The opening 
into the noncoronary sinus is constricted to a 4 to 5 mm 
orifice. (B) Excess fibrous tissue is trimmed from the 
sinus ridge and the tethered leaflet is freed by sharp dis- 
section. The aortotomy, which has been extended across 
the sinus ridge to the annulus, is closed with a wide 
Dacron patch. 


dren after aortic valvotomy, but there may be 
others in whom it has gone unrecognized be- 
cause the stenosis is mild. In addition, those 
children or adults requiring subsequent valve 
replacement frequently need enlargement of the 
ascending aorta and annulus to accommodate 
the prosthesis (2 of 5 patients in this series). 


‘ 
` 
“A 
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The lesion may not be recognized at opera- 
tion until the aortic root is opened. The sinus 
ridge may be narrowed externally, but its 
marked circumferential thickening severely af- 
fects the internal lumen. This aortic wall thick- 
ening foreshortens the distance between adja- 
cent commissures and produces a stenotic 4 to 5 
mm opening into the noncoronary sinus (and in 
Patient 3, the noncoronary and right sinus). The 
underlying sinuses are normal size and the in- 
volved leaflet may be shortened by adhesion 
to this thickened sinus ridge. Insertion of an 
onlay patch to restore normal commissure- 
to-commissure distance relieves the outflow 
obstruction. Although a single patch into the 
noncoronary sinus was used in all 3 of our pa- 
tients, now we would place a second patch into 
the right sinus if we saw another patient like 
Patient 3 [3]. 

Predisposing factors to acquired supravalvu- 
lar aortic stenosis include a small aortic root, 
abnormal thickening of the sinus ridge, and an 
aortotomy closure that either directly narrows 
the aorta or indirectly inhibits its wall growth. 

Angiographic recognition of the obstructing 
site is confusing because of the appearance of 
restricted leaflet motion. The free edge of the 
leaflet in the involved sinus is greatly shortened 
and in many cases is tethered to the ridge. This 
results in systolic inversion of the involved leaf- 
let towards the sinus. The other one or two 
leaflets move only enough to accommodate the 
downstream area of the narrowed sinus ridge. 

Enlargement of the aortic root by one or more 
patches relieves the outflow tract stenosis; valve 
replacement is unnecessary. Immediate results 
are satisfactory. The long-term outlook depends 
on the progression of the underlying valve pa- 


thology. Surgeons should be aware of the risk 
of producing supravalvular stenosis during 
aortotomy closure at the time of initial val- 
votomy. They should also suspect supravalvu- 
lar obstruction in patients with a high residual 
gradient after an otherwise satisfactory val- 
votomy. Awareness of this entity and its recog- 
nition and treatment at initial or subsequent 
operation may allow a longer remission before 
the valve has to be replaced. 
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Elimination of Venting in Coronary Artery Surgery 


T. A. Salerno, F.R.C.S.(C), and E. J. P. Charrette, F.R.C.S.(C) 


‘ABSTRACT The present study is a prospective 
analysis of 78 consecutive patients undergoing coro- 
nary operation without venting of the left ventricle. 
Results indicate that with cardioplegic arrest left 
ventricular distention does not occur when the ve- 
nous lines are positioned in the right atrium. The 
technique described here has simplified the pump 
setup, shortened the operative time, and eliminated 
the potential hazards associated with venting the left 
ventricle. 


Left ventricular (LV) venting traditionally has 
been used during open-heart procedures be- 
cause of the hazards of LV distention in a fi- 
brillating heart [4, 10, 11, 21]. But venting is not 
innocuous, and complications resulting from its 
use have been described [18, 24]. Alternative 
methods for LV decompression, therefore, have 
been developed [7, 8, 9, 12, 14, 17, 19, 23]. 
However, they have not eliminated the poten- 
tial risks of air embolism or myocardial damage 
alone or in combination. . 

The present study is a prospective analysis of 
a consecutive group of patients who underwent 
a coronary artery operation with cardioplegic 
arrest and without any form of LV decompres- 
sion. 


Material and Methods 

From July, 1977, to July, 1978, a consecutive se- 
ries of 78 patients undergoing elective (59 pa- 
tients) and emergency (14 patients with un- 
stable angina and 5 with left main coronary dis- 
ease) coronary operation were prospectively 
evaluated as to the need for LV venting during 
cardiopulmonary bypass (CPB). No patients 
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were excluded from the study because of the 
state cc LV function, distribution of coronary 
lesions, pulmonary disease, or emergency op- 
eration There were 72 men and 6 women 
ranging from 32 to 71 years old (mean, 51 
years). The preoperative hemodynamic data 
were prospectively analyzed (Table 1) and re- 
vealed = normal ventricle (left ventricular end- 
diastolic pressure [LVEDP] < 15 mm Hg) in 61 
patients and an abnormal ventricle (LVEDP > 
15 mm Hg) in 17. None of the patients had aor- 
tic insulficiency, but 8 had mild mitral insuffi- 
ciency. Procedures performed are shown in 
Table 2. 


Technigr2 of Bypass 

Through a median sternotomy and after 
heparin-zation, normothermic CPB was insti- 
tuted by cannulating the ascending aorta with 
an 8-mm Morris aortic arch cannula;* A single 
two-stage Sarns cannula (51F) “was inserted 
into the -ight atrium. A 16-gauge radiopaque 
Intracath cathetert was inserted into the right 
superior pulmonary vein and advanced into the | 
left atrium and through the mitral valve into the 
left ventricle. Left ventricular pressures were 
recorded continuously before bypass, during 
bypass, and for 24 hours after the operation. 
Neither z Swan-Ganz catheter nor pacemaker - 
wires were used in this series. A full-thickness 
myocardi=l biopsy was taken from the left ven- 
tricle at ize start of CPB using the disposable 
Tru-cut =.opsy needle.t The aorta was then 
cross-clamped. No attempt was made to inflate 
the lungs or to record the status of the pulmo- 
nary arter. at the time of cross-clamping, as has 
been previously suggested [15]. Cardioplegic 
solutions 5 ml per kilogram oF body weight) 


*Sarns Inc, Ann Arbor, MI. : ` 

tDeseret Fharmaceutical Co, Sandy, UT. ° 
tTravenol Lazoratories, Inc, Deerfield, IL. 

§The solutior consisted of 500 ml lactated Ringer’s solution, 
10 mEq potassium chloride, 12.5 mEq sodium bicarbonate, 
12 ml 2% Lidocaine (lidocaine hydrochloride), 17 ml 50% ` 
Dextrose (dextrose), 125 mg Solu-Cortef (hydrocortisone 
sodium succi~ate); pH 7.7; 4°C. 
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Table 1. Preoperative Hemodynamic Data 
from 78 Patients 


LVEDP (mm Hg) No. of Patients 


5-14 61 
15-20 13 
>20 4 
Total 78 


LVEDP = left ventricular end-diastolic pressure. 


Table 2. Procedures Performed in 78 Patients 


No. 
Procedure of Patients Bypass Vessels 
CABG x 1 2 LAD 
CABG x 2 2l 7 LAD, RCA; 14 
LAD, OMA 
CABG x 3 46 LAD, OMA, RCA 
CABG x 4 8 LAD, Diagonal, 
RCA, OMA 
CABG X 5 l LAD, Diagonal, 
RCA, OMA 
Total 78 


CABG = coronary artery bypass graft; LAD = left anterior 
descending coronary artery; RCA = right coronary artery; 
OMA = obtuse marginal artery. 


was infused into the proximal compartment of 
the aorta. The heart immediately arrested. Cold 
saline (4°C) was dripped continuously over the 
surface of the heart into the pericardial well. 

Transseptal myocardial temperature was 
monitored during CPB using a thermistor nee- 
dle. f 

After 30 minutes of cross-clamping, 2.5 ml 
per kilogram. of body weight of cardioplegia 
was reinfused. All distal anastomoses (whether 
triple, quadruple, or quintuple) were per- 
formed during a single aortic cross-clamp pe- 
riod. No attempt was made at any time to man- 
ually decompress the LV. On completion of all 
distal anastoinoses, a second myocardial biopsy 
was taken and the aorta was then unclamped. 
Within seconds and without LV distention the 
heart resuméd spontaneous sinus rhythm. 
While the heart recovered from the effects of 
cardioplegia, the proximal anastomoses were 


performed on an excluded portion of the an- 
terior wall of the aorta. 


Results 
There was no mortality in this series. The aver- | 
age number of grafts was 2.8 per patient. The 
aorta was cross-clamped for a period of 17 to 77 
minutes (mean, 46 minutes). Pump time ranged 
between 39 and 128 minutes (mean, 88 min- 
utes). The left ventricular pressure during 
cross-clamping ranged from 0 to 18 mm Hg 
(mean, 7 mm Hg). The highest value occurred 
transiently during infusion or reinfusion of 
cardioplegia. When the aorta was unclamped, 
after completion of the distal anastomoses, the 
LV pressure did not rise (range, 0 to 14 mm Hg; 
mean, 9.2 mm Hg). In 4 patients the hearts re- 
mained asystolic after aortic unclamping for up 
to 15 minutes due to the effects of cardioplegia. 
LV distention, however, did not occur (pres- 
sure, 4 to 12 mm Hg; mean, 8 mm Hg). 

Left ventricular fibrillation occurred spon- 
taneously in only 2 patients just before weaning 
from CPB. In both, LV pressure rose to 22 and 
then to 28 mm Hg, necessitating immediate de- 
fibrillation. 

Septal myocardial temperatures averaged 
22°C (range, 9° to 24°C), the lowest reading oc- 
curring at infusion of cardioplegia and the 
highest value 30 minutes after infusion. 

All patients came off the pump without the 
use of pressors. Postoperative hemodynamic 
data, including left heart pressure (Table 3), 
were similar to preoperative values. 

Study of the myocardial biopsy specimens by 


Table 3. Comparison of Preoperative 
and Postoperative Hemodynamic Data 


Preop. LVEDP Postop. LA Pressure 


(mm Hg) (mm Hg) 

<10 8—13 (mean, 9) 
15-20 12-17 (mean, 14) 
>20 20-25 (mean, 21) 


15-17 (mean, 16) 
aLA pressure 4 hours after operation. 
ÞLA pressure 24 hours after operation. 


LVEDP= left ventricular end-diastolic pressure; LA = left 
atrial, 
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light microscopy in all patients and random 
electron microscopy in 10 hearts revealed no 
myocardial cell damage.” 

Postoperative courses were uneventful except 
_for 4 patients requiring Xylocaine (lidocaine) 
and procainamide for premature ventricular 
contractions. No myocardial infarctions oc- 
curred, as determined by enzyme (CPK) and 
ECG changes. Sternal dehiscence developed in 
2 patients and necessitated reoperation. Three 
patients required reoperation for bleeding, and 
all recovered without problems. No postopera- 
tive complications could be attributed to the 
no-vent technique. 


Comment 

Left ventricular distention is a serious threat to 
a fibrillating heart [4, 10, 11, 21]. Therefore, de- 
compression of the left ventricle has been used 
routinely when ventricular fibrillation is in- 
duced during CPB [1, 5, 19]. There are compli- 
cations due to venting, including air embolism 
[24], myocardial damage [8], perforation of the 
left ventricle or atrium [8], pulmonary venous 
occlusion when the vent is inserted through the 
pulmonary veins [24], and the possibility of 
bleeding and arrhythmias when the vent is re- 
moved. Various modifications to venting have 
been suggested [7-9, 12, 14, 17, 19, 23]. The 
feasibility of performing coronary bypass in 
fibrillating hearts without LV venting has been 
described in animals [3] and in humans [2, 3, 
13, 15, 24]. Retrograde flow through the natural 
pathways through the lungs and into the pul- 
monary artery and right ventricle is known to 
occur [3, 6, 20, 24]. Because of the bronchial 
and coronary flow, it has been suggested that 
the caval lines be left unsnared [3, 13, 24] and 
that the status of the pulmonary artery or LV 
pressure [9, 15] be monitored. 

Despite the evidence supporting the safety of 
operating on the coronary arteries without 
venting, surgeons have been reluctant to do 
this because of the damage that would occur if a 
fibrillated heart distended [4, 5, 16, 19, 22]. 
Similarly, in patients with lung disease, poor 
LV function, or both conditions, the vent is 
thought to be protective during CPB [16, 22]. 


*Salerno TA, Lince DP, Wasan SM, et al: Prospective ran- 
dom myocardial biopsy in coronary surgery. In prepara- 
tion, 1978. 


Since the introduction of cardioplegia at our 
center, we have been performing coronary op- 
erations without venting and have abandoned 
left ver tricular fibrillation, advocated by others 
(3, 13, 15, 16, 22, 24]. Caval lines [3, 13, 15] have 
been replaced by a single atrial cannula (51 F). 
Direct measurement of left atrial pressure or 
LVEDF has been routine in all open-heart pro- 
cedures. We no longer use the Swan-Ganz 
catheter in cardiac operations. Pacemaker wire 
is used only when patients have heart block 
before cperation. Although displacement of the 
fibrillatmg heart at the time of operation is 
thought to cause LV distention [24], that has not 
been ou- experience during cardioplegic arrest. 
Tilting cf the heart may, however, result in de- 
creased venous return to the oxygenator, 
which, in turn, may lead to LV distention. This 
situation can be corrected by simply reposi- 
tioning the venous line. 

Core hypothermia was not employed in our 
patients. We have found that cold cardioplegia 
and surface cooling are adequate means of 
maintain.ng the myocardial temperature at 
about 20°C. This avoids delays in rewarming 
the patients at the end of CPB and also the per- 
sistent hypothermia that occurs early after op- 
eration. 

Left ventricular distention was not a problem 
in the poor ventricles, a concern expressed by 
others [1€, 22]. We believe that patients with 
this problem can benefit most by the no-vent 
technique since possible myocardial damage 
due to direct venting is avoided. Left ventricu- 
lar distertion in patients with pulmonary 
obstructiv2 lung disease has not been encoun- 
tered. No postoperative complication could be 
attributed to the no-vent technique. 

We can only speculate as to why LV disten- 
tion occurred in the 2 hearts that fibrillated at 
the end of (PB. Since the aorta was unclamped, 
it is possitle that the coronary flow (which is 
absent in czoss-clamped fibrillating or cardio- 
plegicallv arrested hearts) was only partially dealt 
with by the venous line. It is also conceivable 
that the fibrillating perfused heart is leså com- 
pliant than the asystolic (atonic) heart and that 
for the same amount of bronchial flow (added 
to the corcnary flow in fibrillating perfused 
hearts) higher intracavitary pressures would be 
generated ky ventricular fibrillation. It is less 
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likely that the mitral valve would be relatively 
more competent during ventricular fibrillation 
than with cardioplegic arrest. A previous study 
demonstrated retrograde flow through the 
natural pathways in fibrillating hearts of dogs 
[6]. Most important, however, is that LV dis- 
tention was immediately recognized and 
treated in these 2 hearts, emphasizing the im- 
portance of left-sided pressure monitoring if 
the no-vent technique is to be used. 

We conclude that provided cardioplegic ar- 
rest is used, the venous line (or lines) is posi- 
tioned in the right atrium, and left-sided 
pressures are continuously monitored, left ven- 
tricular venting (direct or indirect) is obsolete. 
The technique we describe has simplified the 
pump setup, shortened the operative time, and 
eliminated the risks involved with venting the 
left ventricle. Cardioplegic arrest during coro- 
nary operation allows the surgeon to have a dry 
and quiet field with a flaccid heart, which can 
be easily retracted, while permitting optimal 
myocardial protection without the need to 
vent the left ventricle. 


Addendum 

Since the submission of this manuscript, 115 addi- 
tional consecutive patients have undergone coronary 
artery bypass graft procedures with this technique. 
The results were similar to those reported here. 
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CASE REPORTS 


Right Vocal-Cord 


Paralysis after Open-Heart Operation 


Karl L. Horn, M.D., and Jacob Abouav, M.D. 


ABSTRACT We report a previously unrecorded 
complication of open-heart operations and discuss 
the cause. Suggestions for effectively eliminating 
this complication are offered. 


Unilateral vocal-cord paralysis after thoracic 
surgery is a rare but well-documented entity (1, 
2, 8, 10). The mechanism of paralysis is injury 
to the intrathoracic portion of the recurrent 
laryngeal nerve. The left recurrent laryngeal 
nerve, with its longer intrathoracic course, is 
involved most often. Review of the literature 
does not reveal any reports of vocal cord 
paralysis following open-heart operation. We 
have observed 4 patients with transient vocal- 
cord paralysis in a series of 193 patients who 
underwent an open-heart operation. In 1 of the 
4 patients, the procedure involved insertion 
of a prosthetic valve and in the other 3, aorto- 
coronary bypass. In all 4 patients, the paraly- 
sis was unilateral and on the right side. One 
representative case report is presented to illus- 
trate this unusual complication. The mechanism 
of injury is described to distinguish it from the 
left vocal-cord paralysis that occurs in other 
thoracic surgical procedures. 


A 57-year-old man was admitted to the hospital 
with a two-year history of increasing angina 
pectoris. Stress electrocardiogram revealed 
chest pain at stage I, with electrocardio- 
graphic demonstration of S-T segment wave 
depression after one minute at stage I. 
Coronary arteriography documented 95% oc- 
clusion of the proximal left anterior descending 
coronary artery, proximal to the first perforator 
branch, and 80% occlusion of the proximal 
diagonal coronary artery (median branch). > 
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The patient underwent a double saphenous 
vein ecriocoronary bypass without complica- 
tion. He was extubated at twenty-four hours 
but after extubation complained of hoarseness 
and dysphonia for six days. On the seventh 
day, irdirect laryngoscopy revealed partial 
paralysis and decreased mobility of the right 
vocal cord. No inflammation, ulceration, or 
granulation was noted. The patient was dis- 
charged on the fourteenth postoperative day. 
Follow-up six weeks after operation revealed 
normal mobility of both vocal cords and no 
hoarsen2ss. The patient has remained asymp- 
tomatic. 


Comment 
Injury to the recurrent laryngeal nerve is re- 
ported most often following operation on the 
neck, esdecially thyroidectomy. A less frequent 
site of irjury to these nerves is in the thorax [1, 
2, 8, 10]. The intrathoracic segment of the right 
recurrer: laryngeal nerve is quite short since it 
leaves the vagus nerve at the level of the subcla- 
vian artery, around which it turns to ascend 
into the neck [9]. The left recurrent laryngeal 
nerve leaves the vagus nerve at a point just 
below th2 aortic arch. Because the nerve courses 
around tnis vessel, its intrathoracic segment is 
longer and more vulnerable to direct injury 
than the corresponding segment on the right 
side. The different intrathoracic course of the 
two recurrent laryngeal nerves would lead one 
to expect what has been reported in the surgical 
literature: vocal cord paralysis after thoracic 
surgery 3 almost always a left-sided lesion [1, 
2,8, 10]. Accordingly, right vocal-cord paralysis 
following open-heart procedures is considered 
the exception rather than the rule. However, 
a more careful consideration of the surgical 
procedures and of the anatomy of the recur- 
rent laryngeal nerves demonstrates why right 
vocal-cord paralysis may occur after open-heart 
operations. . : 
The br.ef duration of vocal cord paralysis 
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following open-heart procedures indicates that 
it is caused by retraction or stretching of the 
right recurrent laryngeal nerve rather than by 
disruptive trauma, such as ligation, electro- 
coagulation, or cutting of the nerve fibers. 
The left recurrent laryngeal nerve, with its 
longer intrathoracic course, is more susceptible 
to trauma. In open-heart procedures, the right 
vocal-cord paralysis probably occurs because of 
a combination of two mechanisms that produce 
greater traction and stress upon the right recur- 
' rent laryngeal nerve. The first and probably the 
most important mechanism is median ster- 
notomy retraction, which produces a lateral and 
anterior retraction of both subclavian arteries. 
Kirsh and associates [6] have implicated exces- 
sive spread of the median sternotomy retractor 
as the cause of brachial plexus damage in surgi- 
cal procedures involving the heart. Since the 
right recurrent laryngeal nerve turns around the 
right subclavian artery, retraction of this vessel 
also retracts the nerve; the left nerve is unaf- 
fected by this procedure. The second mecha- 
nism is direct manipulation and retraction of 
the heart during open-heart procedures. Be- 
cause both recurrent laryngeal nerves turn 
around major vessels, any inferior retraction 
upon the heart is transmitted directly te the 
nerves, stretching them with the vessels. 
Hook’s law suggests that inferior retraction 
on the heart would produce more stress on the 
right recurrent laryngeal nerve than on the left 
[8]. This law states that the stress (force per 
area) set up within an elastic body is propor- 
tional to the strain (elongation per length) 
caused by the applied load [8]. Thus, stress 
equals K (strain), where the constant K has a 
value characteristic of the elastic body, in our 
instance, the recurrent laryngeal nerve. 


Force _ s Elongation 
Area Length 


If it is assumed that the cross-sectional area of 
the two recurrent laryngeal nerves is:equal and 
that inferior retraction on the heart results in 
essentially equal elongation of both recurrent 
laryngeal nerves, then the force applied to each 
nerve is inversely proportional to the length of 
the nerve. It follows that the shorter right nerve 


has more force applied to its nerve fibers than 
does the left recurrent laryngeal nerve. 

The true incidence of vocal cord paralysis after 
open-heart operations remains unknown. In 
the present series, the incidence of right vocal- 
cord paralysis is approximately 2%. This indi- 
cates that the threshold of the stretch injury 
necessary for damage to the right nerve is 
reached only occasionally. It is apparent that 
threshold of nerve damage is not reached on 
the left side during open-heart procedures. 
Avoiding excessive retraction has diminished 
this complication in the last two years. 

Another possible cause for vocal cord 

paralysis following open-heart operations 
merits brief mention: trauma secondary to en- 
dotracheal intubation. True vocal-cord paral- 
ysis following intubation is a relatively rare 
complication, and the incidence is certainly 
less than 2% [4, 5, 7]. Although this complica- 
tion may be seen as a unilateral paralysis, both 
cords are affected in equal incidence. It is un- 
likely that the present 4 instances of vocal cord 
paralysis were due to endotracheal intubation 
since the paralysis was specifically right-sided 
in each one. 
: Finally, we suggest that there may be a 
higher incidence of injury to the right recurrent 
laryngeal nerve than has been reported. Tran- 
sient postoperative hoarseness after open-heart 
operation, previously assumed to be caused by 
intralaryngeal injury,:may indeed be caused by 
injury to the right recurrent laryngeal nerve. In 
the Cleveland Clinic series [4], 4 cases of post- 
operative hoarseness, 1 of which was perma- 
nent, were listed as postoperative complica- 
tions of coronary artery bypass procedures. 
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Giant Left Atrial V-Waves 


in Post—Myocardial Infarction Ventricular Septal Defect 


Milutin Drobac, M.D., Leonard Schwartz, F.R.C.P.(C), Hugh E. Scully, F.R.C.S.(C), 


and Michael M. Bentley-Taylor, F.R.C.P.(C) 


ABSTRACT A _ 54-year-old man developed a 
post—myocardial infarction ventricular septal defect 
with a 4:1 shunt. The first cardiac catheterization 
showed left atrial V-waves of 70 mm Hg. Assess- 
ment of the presence or absence of mitral regurgita- 
tion was not possible because of ventricular irrita- 
bility and rapid runoff from left ventricle to right 
ventricle. At the second catheterization two months 
later, the left atrial V-waves had fallen to 34 mm Hg. 
The absence of mitral regurgitation was shown by 
observing the time difference in appearance of in- 
docyanine green in the right ventricle and the left 
atrium after left ventricular injection. The defect was 
repaired by right ventriculotomy with subsequent 
normalization of left atrial V-waves. This case shows 
that very large left atrial V-waves may occur in 
postinfarction ventricular septal defects without mi- 
tral regurgitation and that these V-waves may de- 
crease with time, probably reflecting increased left 
atrial compliance. 


Bethea and colleagues [1] reported large left 
atrial V-waves in patients with myocardial in- 
farction complicated by ventricular septal defect 
without mitral regurgitation. The occurrence of 
combined ventricular septal defect and mitral 
regurgitation secondary to myocardial infarc- 
tion must now be considered extremely rare 
and previously misdiagnosed. There has been 
only 1 confirmed case of the combined lesion in 
the literature [5]. None of Bethea’s 6 patients 
had mitral regurgitation on left ventricular an- 
giography, and 5 of the 6 had elevated left atrial 
(or pulmonary wedge) V-waves (24 to 50 mm 
Hg). Mitral regurgitation in patients with 
postinfarction ventricular septal defects, there- 
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fore, cannot be diagnosed by using right heart 
hemodynamics as previously suggested by 
Fleming [3] and by Meister and Helfant [4]. 
The patient reported here demonstrated left 
atrial V-waves of 70 mm Hg without mitral re- 
gurgitation in conjunction with post—-myocardial 
infarction ventricular septal defect; these V- 
waves decreased preoperatively with time. 


A 54-year-old man was well until April 10, 
1977, when he developed severe anterior chest 
pain. An electrocardiogram the following day 
was normal. The pain continued intermittently 
for two more days, and over the next week his 
predominant complaint was fatigue. On April 
16, he developed sudden onset of nausea 
and diaphoresis, subsequently losing conscious- 
ness. 

He arrived at an emergency department with 
ventricular tachycardia and was successfully re- 
suscitated. Diagnosis of acute inferior trans- 
mural myocardial infarction was made. Exam- 
ination revealed a pansystolic murmur at the 
lower left sternal border accompanied by a 
thrill. There was a loud third heart sound. 
Jugular venous pressure was elevated, and 
there were crepitations at both lung bases. An 
ECG showed Q-waves in the inferior leads. A 
chest roentgenogram revealed cardiomegaly 
and pulmonary plethora. 

After initial recovery, the patient continued 
to have congestive heart failure with mild an- 
gina and underwent heart catheterization on 
June 24. He was found to have a ventricular . 
septal defect with a 4:1 shunt. The mean left 
atrial pressure (through a patent foramen ovale) 
was 35 mm Hg with V-waves of 72 mm Hg (Fig 
1). Because of severe left ventricular irritability 
and rapid runoff from left ventricle to right 
ventricle, it was difficult to assess the pres- 
ence or absence of mitral regurgitation on an- 
giography. Selective coronary arteriography 
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Fig 1. Left atrial pressures (LAP) at the time of (A) the 
first and (B) the second heart catheterizations, approxi- 
mately two months apart. Giant left atrial V-waves of 
72 mm Hg at the first catheterization subsequently fell 
to 29 to 36 mm Hg at the second. 


showed a blocked right coronary artery, a 
proximal 75% left anterior descending lesion, 
and diffuse circumflex disease. 

The patient deteriorated on medical treat- 
ment and over the next two months developed 
shortness of breath on exertion, orthopnea, and 
increasing angina. On August 18, he under- 
went repeat heart catheterization preopera- 
tively because of uncertainty regarding the 
presence or absence of mitral regurgitation. The 
left atrial V-waves at this time were 29 to 36 mm 
Hg (Fig 1). Indocyanine green dye dilution curves 


Fig 2. Representative dilution curves taken from (A) left 
atrium and (B) right ventricle after left ventricular in- 
jection. Dye appears in the right ventricle first, and 
subsequently in the left atrium after recirculation 
through the lungs. 
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showed a left ventricle to left atrium appearance 
time of 8.4 seconds, and a left ventricle to right 
ventricle appearance time of 4.4 seconds (Fig 2). 
It was concluded that there was no major mitral 
regurgitation. 

At operation, a left atrial line was inserted 
before the patient was placed on bypass, and 
left atrial V-waves of 26 mm Hg were recorded. 
A 2-cm ventricular septal defect was repaired 
with a Teflon patch through a right ven- 
triculatomy, and a left anterior descending 
coronéry artery bypass was performed. Left 
atrial V-waves postoperatively were recorded 
at 12 to 15 mm Hg and remained in that range 
for three days while left atrial pressures were 
monitored. Postoperatively, no murmurs were 
heard, and the patient has remained well. 


Comment 

In agreement with Bethea and associates [1], we 
believe that the giant left atrial V-waves 
simulating mitral regurgitation may be caused 
by the sudden volume load presented to a non- 
compliant left atrium following an acute large 
ventricular septal defect. This case also suggests 
that the left atrial V-wave may decrease consid- 
erably >ver time, presumably secondarily to in- 
creasing left atrial compliance. This is similar to 
the efzect on mean left atrial pressure in chronic 
severe mitral regurgitation [2]. 

In this patient, interpretation of the left ven- 
tricular angiogram was difficult due to ven- 
tricular irritability and rapid runoff from left 
ventricke to right ventricle. We found that the 
presence or absence of mitral regurgitation 
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could be clarified using dye dilution curves 
and comparing the appearance time of in- 
docyanine green in the left atrium and the right 
ventricle after left ventricular injection. 

The diagnosis of the combined complications 
of ventricular septal defect and mitral regurgi- 
tation following an acute myocardial infarction 
should always be questioned. The benefit to the 
patient of excluding the latter complication is 
evident with the lesser risk of an easier and 
shorter surgical procedure. 
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Editor’s Note 

This case report is basically a confirmation of the 
report by Bethea and co-workers [1]. However, it 
does bring the problem to the attention of surgeons 
who may not have seen the previous publication. 


Annular Subvalvular Idiopathic Left | 
Ventricular Aneurysms in the Black African 


Allan Wolpowitz, F.R.C.S., Bulent Arman, M.D., Marius S. Barnard, M.B., 


and Christiaan N. Barnard, M.D., Ph.D. 


ABSTRACT The case of a Black African patient 
with an annular subvalvular left ventricular aneu- 
rysm of unknown origin is described, and the path- 
ological findings in this condition together with a 
review of the literature is presented. We have oper- 
ated on 12 patients with this condition between 1958 


and 1978. Ventricular aneurysm in the Black African: 


is extremely rare; aneurysms resulting from ischemic 
heart disease have not been encountered in this ra- 
cial group, and contrary to earlier reports in the liter- 
ature, syphilis is not the most common cause of left 
ventricular aneurysms in this group. The aneurysms 
arise in the fibrous rings below either the aortic or 
the mitral valve, extend around the valves in this 
situation, and may occur either singly or in both po- 
sitions in the same heart. After various etiological 
factors are excluded, it is probable that in this group 
of patients the aneurysms develop initially as pul- 
sion diverticula through a congenital weakness in 
the ventricular wall in the region of the atrioven- 
tricular groove. 


The most common cause of an aneurysm of the 
left ventricle is ischemic heart disease [20, 49, 
58], and the incidence varies from 5 to 10% in 
cases of coronary atherosclerotic occlusion [62]. 
In Black African patients, aneurysm of the left 
ventricle is extremely uncommon [28, 29, 34, 44] 
because of the rarity of ischemic heart disease 
in this racial group [5, 22, 25, 27, 41, 43, 45, 54, 
55, 56]. Syphilis has been quoted as being the 
most common cause in the rare subgroup of 
cardiac aneurysms in the Black African [11, 29], 
but syphilitic heart disease has become so un- 
_ common in the African [27] that, although rare, 
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idiopathic left ventricular aneurysm is probably 
the most common type seen today [44]. 

Up to the time we recorded our first surgical 
correction [44], reports of left ventricular aneu- 
rysm appeared in the literature as postmortem 
findings. Since then 1 other case has been re- 
ported [6], and we have treated an additional 11 
patient in our unit. All the patients were Black 
Africans; 6 were male and 6 were female. Ages 
of the patients ranged from 9 to 40 years 
(mean aze, 23.9 years). There were no deaths in 
the ser:2s. In all patients, the aneurysm was 
subvalvular and was related to the annulus of 
the mitral valve. All the aneurysms were large, 
fibrous =acs at least 12 cm in diameter and were 
stuck tc the pericardium by dense adhesions. 
All the aneurysms were multilocular and 
opened ~om the ventricle into the sac through a 
large nek, 2 to 4 cm wide, with thick, fibrotic 
edges that were calcified in 5, related to the 
papillary muscles in all, and contained old 
laminated clot in 7 of the patients. Two patients 
had mitcal incompetence, 1 requiring mitral 
valve repacement. One patient had communi- 
cations iom the right and left sinuses of Val- 
salva to the aneurysm. 

In this paper, a case of idiopathic left ven- 
tricular eneurysm with associated mitral in- 
competere in a Rhodesian Black African is 
presentec. and the literature is reviewed. 


A 25-yeazold Rhodesian Black African man 
was seen at an outlying hospital with acute 
onset of cyspnea on effort. A diagnosis of su- 
praventricular tachycardia was confirmed 
electrocardiographically. Following electrical 
cardioversion, the patient was digitalized and 
discharged. Early in 1977 two additional epi- 
sodes of supraventricular tachycardia also 
required electrical cardioversion, and dis- 
opyramide was then prescribed. He remained 
in New York Heart Association Functional 
Class II with symptoms of effort dyspnea until 
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Left ventricular cineangiogram (right anterior oblique 
position), with line interpretation, showing multiple an- 
eurysms that were found at operation to have originated 
from an area of the left ventricle below the mitral valve 
and to have extended anteriorly and laterally. (LV = 
left ventricle; LA = left atrium; a = aneurysm; arrow 
shows the mitral incompetence.) 


his admission to Groote Schuur Hospital on 
August 10, 1977. 

On examination the patient looked well, and 
there were no overt signs of cardiac failure 
at rest. The pulse rate was 86 beats per minute 
and regular; blood pressure was 110/70 mm Hg. 
Cardiac auscultation revealed a grade 3/6 mur- 
mur of mitral incompetence, a third heart 
sound at the apex, and an accentuated second 
component at the pulmonary area. 

The chest roentgenogram showed cardio- 
megaly, with the contour in keeping with a left 
ventricular aneurysm. The lung fields demon- 
strated pulmonary venous congestion. The elec- 
trocardiogram showed sinus rhythm, a heart 
rate of 60 beats per minute, P-R interval of 0.16, 
normal axis, high lateral myocardial infarct 
pattern, and left ventricular and left atrial 
hypertrophy. 

Cardiac catheterization performed in August 
gave the following results: mean pulmonary 
artery pressure, 55 mm Hg; left ventricular 
end-diastolic pressure, 12 mm Hg; aortic pres- 
sure, 100/75 mm Hg; mitral valve gradient, 20 
mm Hg (mean); and cardiac index, 2.5 liters per 
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minute per square meter of body surface area. 
Left ventricular angiography showed a suban- 
nular mitral valve aneurysm with severe mitral 
insufficiency and an aneurysmal sac in the 
upper aspect of the left ventricle (Figure). The 
hemoglobin was 12.9 gm per 100 ml, the white 
blood cell count was 6,500 per cubic millimeter, 
the erythrocyte sedimentation rate was 32 mm 
in 1 hour, and the VDRL test was negative. 

At operation on August 25, the left ventricle 
was found to be enlarged and the left atrium 
dilated. There were dense adhesions over the 
aneurysms, which were in an annular and sub- 
valvular position in relation to the mitral valve. 
Two multiloculated anterolateral aneurysms 
were found coalescing with one multiloculated 
posterolateral aneurysm, each having a wide 
fibrotic neck and filled with laminated clot. The 
papillary muscles of the mitral valve were at- 
tached to the rim of the posterolateral aneurysm 
and were fibrous at their bases. The upper mar- 
gin of the superior aneurysm was in close rela- 
tion to the circumflex coronary artery. 

On cardiopulmonary bypass, the aneurysms 
were excised and the edges approximated with 
2-0 Ticron sutures buttressed on felt pledgets. 
At the termination of bypass, gross mitral in- 
competence was still present despite restoration 
of the subvalvular mitral mechanism, and 
therefore, once more on cardiopulmonary 
bypass, the mitral valve was replaced with a 
size 27 Carpentier-Edwards porcine xenograft 
through the left atrium. The postoperative 


352 The Annals of Thoracic Surgery Vol 27 No 4 April 1979 


course was uneventful, and the patient was dis- 
charged on the fourteenth postoperative day. 

Histological study showed no evidence of 
rheumatic or infective endocarditis of the valve. 
Sections of the resected myocardium consisted 
mainly of fibrous tissue lined on one surface 
by organizing antemortem clot; within the fi- 
brous tissue were trapped islands of hypertro- 
phied myofibers and collections of nonspecific 
chronic inflammatory cells. The features were 
in keeping with those of an idiopathic ven- 
tricular aneurysm. 


Comment 

Cardiac aneurysm resulting from ischemic 
heart disease in the Black African is extremely 
rare [28, 29, 34, 44] as a result of the uncommon 
finding of atherosclerosis in this racial group [5, 
22, 29, 27, 41, 43, 45, 54, 55, 56]. Even though 
the number of deaths from myocardial infarc- 
tion in Black Africans has risen since 1959 from 
fewer than 1% of all cardiac deaths to nearly 
12% in 1976 [27], the only reported cardiac an- 
eurysm in an African resulting from coronary 
thrombosis was not found to be caused by 
coronary atherosclerosis [34]. 

Syphilis, though itself an extremely rare 
cause of cardiovascular disease [2, 7, 10, 11, 17, 
28, 29, 36, 37, 48] and an even rarer cause of 
cardiac aneurysms [29], has been regarded as 
the most common cause of cardiac aneurysms 
in the African [11, 29, 44]. Other rare causes of 
cardiac aneurysm include rheumatic myocar- 
ditis [19, 28, 37], tuberculous myocarditis [28, 
29, 31], mycotic aneurysm [28, 38], polyarteritis 
nodosa [52], Loffler’s parietal endocarditis [28], 
trauma [6, 19, 21, 30], sequelae of mitral valve 
procedures [6, 46], congenital abnormalities of 
the coronary arteries [9], pyemia [59], intersti- 
tial myocarditis [4], lead poisoning [14], malaria 
[35], Chagas’ disease [19], and endarteritis [24, 


- ols 


Certain cardiac aneurysms of unknown etiol- 
ogy that are thought to be developmental have 
been reported [1, 6, 8, 10, 11, 12, 16, 18, 26, 34, 
40, 44]; these aneurysms have been termed sub- 
valvular because they occur just below the aor- 
tic and mitral valves, and annular because the 
aneurysmal cavities extend in a circular direc- 
tion around and in the substance of the fibrous 


ring from which the valves take their attach- 
ment. Developmental left ventricular aneu- 
rysms in other areas of the ventricle have also 
been described [3, 13, 15, 28, 33, 47, 50, 63]. 

The annular subvalvular idiopathic left ven- 
tricular aneurysm is commonly found only 
singly, in either a subaortic or a submitral po- 
sition, but on occasion discrete aneurysms have 
been fcund in both situations in the same heart 
[1, 34]. The aneurysms have single or multiple 
orifices [1] and usually are situated in the left 
ventric.e immediately below the cusps of the 
aortic cr mitral valves, with their margins sur- 
rounced by dense fibrous tissue that may be- 
come calcified. Aneurysms in the subaortic po- 
sition usually have a single orifice and lie below 
the left posterior cusp of the valve; they may or 
may not be associated with aneurysms of the 
sinus of Valsalva [1, 63]. As in our patient, an- 
eurysms occurring in relation to the mitral valve 
ring tend to have multiple openings into the 
cavity cf the left ventricle, but single-orifice an- 
eurysms have been described in this area [6, 34, 
44]. Aneurysms in the mitral area may be found 
below both the anterior and the posterior cusps 
of the mitral valve [1]. The submitral aneurysms 
tend to be large [1, 34], as found in our patient, 
because they track in a circular direction and 
enlarge laterally, anteriorly, and superiorly by 
herniating through the attachment of the left 
ventricular muscle to the fibrous valve ring. The 
aneurysms in this area were found to be locu- 
lated and to contain laminated clot, as previ- 
ously described [1, 34]. Calcification in the clot 
may develop [1, 11], the left atrium may be 
compressed [1], and the circumflex coronary 
artery may be greatly stretched and narrowed 
along its course in the atrioventricular groove 
[1], inducing the formation of a coronary arte- 
rial thrombosis [34]. In contrast, subaortic an- 
eurysms tend to burrow into the ventricular 
septum [1, 34] and to remain small. There is no 
significant sex difference to be found in the lit- 
erature |1]. 

Cardiac enlargement is the rule [1, 6, 34, 44], 
partly because of the size of the aneurysm, but 
also because the associated hemodynamic ef- 
fects of an aneurysm with an expansile wall can 
impair the function of the left ventricle by dis- 
sipating the energy developed during contrac- 
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tion of the left ventricle into the expanding wall 
of the aneurysm, thereby containing a substan- 
tial amount of the total left ventricular stroke 
volume and stroke work by increasing ven- 
tricular volume and diameters and by increas- 
ing the velocity of contraction necessary to gen- 
erate tension during isovolumic systole [23]. 
Stroke volume must decrease or ventricular di- 
latation must occur whenever an area of aneu- 
rysm approaches 20 to 25% of ventricular 
surface area, since above this percentage, the 
extent of shortening required of the remaining 
heart begins to exceed physiological limits [32]. 

A common associated finding is mitral in- 
competence, which results from extension of 
the aneurysm around the annulus [1], exacer- 
bating the left-sided cardiac failure and pro- 
ducing pulmonary hypertension and right- 
sided cardiac failure. There is left ventricular 
hypertrophy [1, 34], and the pericardium is 
densely adherent to the surface of the aneu- 
rysm. 

The myocardial decompensation is progres- 
sive and ultimately ends in the patient’s death 
(1, 29, 34]. Other than cardiac failure, death has 
also been recorded as a result of circumflex 
coronary occlusion [34], clot dislodgment with 
fatal cerebral embolism [1], and ventricular 
rupture [29, 40], which is a natural outcome of 
ventricular aneurysms [53] and which need not 
be preceded by symptoms [29]. As in all ven- 
tricular aneurysms, ventricular arrhythmias are 
common [60], and this was the presenting fea- 
ture in our patient. Surgery offers the only 
chance of cure for these patients, and 2 previ- 
ously successful resections on cardiopulmonary 
bypass have been reported [6, 44]. Other re- 
ports in the literature have been from postmor- 
tem series. 

The etiology of the annular subvalvular left 
ventricular aneurysm is obscure. Congenital 
defects in the wall of the heart have been pos- 
tulated in other reported series in Black African 
patients in whom left ventricular aneurysms 
have not been related to syphilis and no other 
causes have been ascertained [1, 16, 40, 50]. 
Some of these defects are not related to the sub- 
valvular apparatus but are on the anterolateral 
surface of the left ventricle [28, 50]; or they may 
be subpericardial cysts lined by a ciliated col- 


umnar epithelium, which may appear as a ven- 
tricular aneurysm [3] or as a congenital diver- 
ticulum at the apex of the ventricle that may 
herniate through the diaphragm and become 
manifest as a pulsating mass in the epigastrium 
[28, 47]. 

Histologically, the wall of the aneurysm con- 
sists of laminated thrombus; avascular fibrous 
tissue that contains chronic inflammatory cells; 
and scattered deposits of hemosiderin, dense 
collagen, and very scanty and compressed mus- 
cle fibers [1]. Obliterative endarteritis of the 
small vessels in the region of the aneurysm is 
also a constant finding [1], and calcification 
may be apparent [11]. No stigmata of connec- 
tive tissue disorders were seen in this patient or 
our previous one [44], or in other series [1]. A 
weakness exists in the wall of the ventricle in 
the region of the atrioventricular groove [39, 
51], and we have reported a series of ruptured 
ventricles associated with mitral valve replace- 
ment related to the inherent weakness of this 
area [61]. On an embryological basis, it is nota- 
ble that the part of the left ventricular wall at the 
atrioventricular groove junction is unlike that of 
the rest of the left ventricle in the hearts of 
young embryos [57]. At an early stage of de- 
velopment the wall of the left ventricle has only 
a thin cortical layer of muscle, and thereafter its 
increase in thickness is due to an irregular thick- 
ening that becomes spongelike. Most of these 
spaces are then obliterated by the continued 
growth of the primitive myocardium, except for 
the area of the ventricle underlying the poste- 
rior cusp of the mitral valve, which persists as a 
cleft well into fetal life and even in the full-term 
fetus. The cleft may extend outward as far as the 
fibrous ring separating the atrium from the 
ventricle [57]. The sequence of events, then, is 
possibly related to an existing defect in the 
ventricular wall that is enlarged by the in- 
traventricular tension developed during iso- . 
metric contractions; these events support the 
postulate [1] that this defect is in effect a pul- 
sion diverticulum. Several ostia between the 
trabeculae carneae give rise to several aneu- 
rysms that will grow slowly over the years, and 
coalescence of the aneurysms may then result in 
the formation on one large aneurysm with sev- 
eral ostia. 
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The mean age of the patients reported in the 
literature is 25.7 years, reflecting the fact that 
the tension in the wall of an aneurysm increases 
with its size, as stated in Laplace’s law [42], and 
that the rate of growth of an aneurysm is not 
linear. 

A review of the literature has shown that 
ventricular aneurysms are rare in the black 
race in Africa, and that the most common of 
these is the idiopathic annular subvalvular va- 
riety. When one takes into account the factors of 
the single race group involved and the anatomy 
and embryology of the affected area, the con- 
sideration of a congenital basis for ventricular 
aneurysm is supported; when all the etiological 
factors have been considered and excluded, the 
only related possibility is a congenital weak- 
ness in the ventricular wall in the region of the 
atrioventricular groove. 
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Massive Hyperplastic 


Thymus in a 22-Month-Old Infant 


Youngick Lee, M.D., Shah Moallem, M.D., 
and Roy H. Clauss, M.D. 


ABSTRACT 
are often difficult to diagnose, and thymic enlarge- 


Huge mediastinal masses in infants 


ment must be considered in each instance, especially 
when the mass is located anteriorly. In the patient 
reported on here, the mass occupied approximately 
60% of the chest cavity, and surgical intervention 
was required to establish the precise histological 
diagnosis. This proved to be massive hyperplastic 
thymus. 


In the following case report, we describe the 
procedures necessary to reach a diagnosis of 
massive hyperplastic thymus in an infant. This 
thymus is one of the largest to be surgically ex- 
tirpated. 


A 22-month-old black infant girl was admitted 
to Flower and Fifth Avenue Hospitals on April 
28, 1975, for evaluation of a giant mediastinal 
shadow. One month previously she had been 
hospitalized at another institution because of 
second-degree burns on both lower extrem- 
ities. During physical examination at admis- 
sion, a large anterior mediastinal mass was 
diagnosed roentgenographically (Fig 1). 

The infant had always been asymptomatic, 
and growth and development were normal. 
Chest roentgenograms had not been made 
previously. Physical examination revealed a 
well-developed and a well-nourished infant 
weighing 11.8 kg. The only pertinent physical 
findings were retraction of the suprasternal 
notch and intercostal muscles on respiration 
and a slight bulge in the anterior chest wall. The 
entire anterior chest wall was hard to percus- 
sion. On auscultation, breathing sounds were 
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markedly diminished anteriorly and poste- 
riorly. Laboratory studies, including bone mar- 
row studies, were within normal limits. A 
thoracic roentgenogram showed a giant 
thymicocardiac shadow, which opacified most 
of the lung fields bilaterally but especially on 
the left side (see Fig 1). It was located in the 
anterior mediastinum. No evidence of tracheal 
or bronchial compression and deviation was 
noted. The mass was solid as determined by 
ultrasonography, and nonvascular as revealed 
by isotope angiogram. The presumptive clinical 
diagnosis was enlargement of the thymus. 

A therapeutic test of steroid administration 
was instituted [2, 3, 9]. Prednisone, 1.5 mg per 
kilogram of body weight (20 mg daily), was 
administered orally for five days. The total dose 
receivec was 100 mg. Repeat thoracic roent- 
genograms immediately following this therapy 
failed to show any evidence of regression. 
Therefore, it was decided to explore the 
mediastinum. On May 7, 1975, under general 
endotracheal anesthesia, the mediastinum was 
entered through a midsternal splitting incision. 
A fairly well circumscribed, encapsulated, firm, 
brownish red, somewhat lobulated mass mea- 
suring 19 x 12 x 4.5 cm and weighing 550 gm 
was excised without difficulty. The mass ap- 
peared to occupy about 70% of the left pleural 
cavity and about 40% of the right pleural cavity. 
A chest tube was left in the left pleural cavity for 
four days because of the compressed lung. 

The postoperative course was uneventful, 
and the left lung was fully expanded by the 
third postoperative day. 

The pathological report was giant hyperplas- 
tic thymus (Fig 2). Six months after operation, 
the child was well and chest roentgenograms 


were ncrmal. 


Comment 
Most anterior mediastinal masses in infants are 
teratomas or tumors of lymphatic origin— 
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Fig 1. Chest roentgenograms made on April 29, 1975: 
(A) the anteroposterior view and (B) the lateral view. 
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Fig 2. Microscopic view of a section from the massive 
hyperplastic thymus. (H&E; original magnification: 
A x40, B x400.) 
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thymomas or lymphomas. Lymphomas fre- 
quently involve bone. In our patient, a biopsy 
specimen of bone marrow was normal. The ab- 
sence of calcification and the lack of constitu- 
tional symptoms, which are quite common in 
teratomas, led to a presumptive conclusion that 
the mass was of lymphatic origin, probably the 
thymus. We performed a therapeutic test to 
note the effect of steroid administration on the 
tumor, inasmuch as Ellis and colleagues [5] 
had found that a tumor was malignant in 9 of 45 
patients with anterior mediastinal tumors, and 
Soffer [9], Caffey [2, 3], and their associates had 
shown that an enlarged thymic gland would re- 
gress after a course of steroid therapy. No re- 
gression occurred in our patient. Irradiation 
was considered inadvisable because of in- 
creased incidence of cancer of the thyroid gland 
[4, 8]. 

The huge size of the mass deserves comment. 
According to Boyd [1], the median weight and 
range in weight of normal thymus glands 
among 375 patients who ranged from 1 to 3 
years old were 23 gm and 55 gm, respectively. 
The extensive investigation by Young and 
Turnbull [10] of the weight of the thymus in 462 
patients who died a sudden death of known 
causes showed that the mean weight of the 
thymus at birth was 22 + 13 gm, and that it rose 
steadily to 34 + 10 gm between the ages of 26 
and 31. The weight of the thymus was maximal 
at puberty, but the percentage ratio of thymus 
weight to body weight was different [6]. This 
ratio was greatest at birth, 0.76%, and declined 
to 0.19% at 1 to 6 years of age. For the child in 
this report, the ratio was 4.58%, which is six 
times higher than the value for her age group, 
and the gland is one of the largest thymus 
glands recorded. 

The response of thymic hyperplasia to steroid 
therapy merits comment. Caffey and Silby [3] 
waited from seven days to two months after 
cessation of steroid therapy to obtain regres- 


sion. However, in some cases they also 
served that thymic reduction was evident i: 
hours after beginning oral steroids and 
maximal after 72 to 96 hours. In the present 
tient, the chest roentgenogram was made e 
days after steroids were begun, and did 
show any evidence of shrinkage. 


The response to steroids is variable, and 


not unusual for the thymus not to shrink a 
steroid therapy. If the size does decrease, i 
prima facie proof of the nature of the lesion | 
no further therapy is indicated unless ot 
signs direct it. 
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20,000 procedures. 


On the surface, the William Harvey Disposable Hybrid 
ygenator looks pretty much the same as when it was introduced 
*k in 1972, some 220,000 clinical procedures ago. But inside, there 
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reased the oxygenator’s performance and reliability, such as going 
m plastic to aluminum tubing for more efficient heat exchange, 

l revising the arterial reservoir to help prevent vortexing. Why, in 
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SEE FOLLOWING PAGE FOR MORE DETAILS ON THE 
MIREL PACEMAKER FROM MEDTRONIC. 


*This demonstration unit does not contain battery or electronics, but 
approximates the Mirel pacemaker's physical characteristics—such as 
connector, size, shape and weight. Packaged in a handsome jewelry 
case, it is ideal for showing to patients, demonstrating at seminars, etc. 


SHOWN ACTUAL SIZE 





THE NEW 
MIREL PACEMAKER 
FROM MEDTRONIC: 


Our new lithium-powered Mirel pacemaker is so compact-— yet it contains all the performance features 
youve come to expect from Medtronic lithium pacemakers, including Constant Rate, Constant 
Energy, superior electromagnetic interference protection and more. And although the Mirel pace- 
maker is a step down in size, it's a step up in quality. This unique combination of smaller size plus a 
design that provides improved reliability and quality is possible due to Medtronic’s exclusive advances 





in microcircuitry. 


Simplified Assembly for High Reliability. 


The Mirel pacemaker has only 21 separate 
components as compared to 40 in its lithium 
predecessor. Benefit: less chance of component 
failure, fewer connections subject to failure. 
Mirel pacemaker components are fused by re- 
sistance welding rather than soldering. Benefit: 
reduced possibility of contamination. 

The Mirel pacemaker uses hermetically sealed 
mini-paks inside hermetically sealed hybrids. 
Benefit: circuitry is enclosed in a redundant pro- 
tected environment—an additional safety fea- 
ture for your patients. And, these “mini-paks” 
are easily and repeatedly tested before they are 


connected to the hybrid substrate. Tests include 
centrifuge, temperature and burn-in cycles, her- 
meticity, shock and, of course, visual microscopic 
inspection. 
Pacing for Life™ Warranty 
Another advantage, all Mirel-VL (ventricular- 
long-lived) pacemakers are covered by the 
Medtronic Pacing for Life™ warranty. If, during 
the life of your patient, the Mirel-VL pacemaker 
fails for any reason, Medtronic will provide a 
replacement product at no charge and give the 
same warranty on the replacement product. 
There's much more to the Mirel story. Ask your 
Medtronic representative for details. 


MEDTRONIC” IMPLANTABLE PULSE GENERATORS 


Intended Uses—Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhythmias, tachyarrhythmias and heart block (see product labeling for detailed list of 
intended uses). 

Contraindications— There are no known contraindications to the use of pacing as a therapeutic modality for the control of heart rate. The patient's age 
and medical condition, however, may dictate the particular pacing systems and implantation procedure used by the physician. 

Warnings—Diathermy should not be used on patients with pacemakers because of pcssible heat damage to electronic components. Electrosurgical 
units should never be used in the vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger 
of introducing fibrillatory currents into the heart via the implanted pulse generator/lead. Pulse generators may be damaged by defibrillatory discharges 
if the paddles are placed over the implanted pulse generator. 

Precautions—The physician should be aware that all pulse generators will ultimately cease to function and may fail at any time due to random 
component or battery failures which cannot be predicted prior to failure. Also, that the pacing system may cease to function at any time due to lead- 
related problems such as displacement, fracture, fibrotic tissue formation, and elevated thresholds. and that proper operation may be affected by 
electrical interference from equipment using electrical energy, or medical complications. 

Side Effects— Body rejection phenomena, including local tissue reaction, muscle and nerve stimulation, infection. erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and cardiac tamponade. 





SHOWN ACTUAL SIZE 


(Typical Physical Specifications) 
Weight—60 grams • Diameter—53 mm 
Thickness (center)—15 mm e Thickness (edge)—11 mm 
Available in unipolar and bipolar configuration. 
Mirel™-VL has 2.2 amp hour lithium-iodine power source. 
Mirel ™VM has 1.8 amp hour lithium-iodine power source. 
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Helping You Help the Pacemaker Patient 


Traumatic Pulmonary Pseudocysts 


Gil Hauer Santos, M.D., and Tom Mahendra, M.D. 


ABSTRACT Pulmonary contusion and pulmonary 
hematoma are observed frequently in patients who 
sustain closed chest injuries. A lesion seen less often 
in these circumstances is localized disruption of the 
lung parenchyma that produces cystlike cavities. This 
should not be confused with extensive disruption 
of the pulmonary parenchyma, usually accompanied 
by extensive bleeding and shock. 

A review of the literature and three case reports are 
presented as well as a discussion of the pertinent 
symptoms and the clinical and radiological findings. 
The different nomenclatures used to define these le- 
sions are reviewed briefly. 


Acute pulmonary lesions associated with closed 
chest trauma are very common and are pro- 
duced most frequently by motor vehicle acci- 
dents. They usually are seen as lung contusions 
or hematomas and have been described exten- 
sively in the literature [14]. Another group of 
primary localized acute lesions comprises the 
traumatic pulmonary pseudocysts. They are lit- 
tle known and are rarer in occurrence. We de- 
scribe here 3 patients from our experience and 
review the literature on these pseudocysts. 


Patient 1 

A 9-year-old boy was run over by a car. On 
admission to the emergency room he was seen 
to have tire marks on the left chest and a frac- 
ture of the left scapula. No rib fractures were 
seen. He complained of pain and was coughing 
small amounts of bloody sputum. Chest roent- 
genograms (Fig 1) showed a large cystic space 
in the left upper lobe with an air-fluid level, 
and some clearly defined areas of density 
superior to this space. Differential diagnosis 
at that time included traumatic lung cyst, 
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preexisting lung abscess, or perhaps hydro- 
pneumothorax. Because of the last possibility, a 
chest tube was placed but it produced no fluid 
and no reexpansion of lung and was removed as 
the diagnosis of traumatic cyst became more 
apparent. A bronchoscopy was done, and parti- 
cles of blood clots were removed from the bron- 
chi on the left side. 

The patient was treated conservatively and 
subsequent roentgenograms made on the sec- 
ond and third days as well as 2 and 3 weeks 
after the accident demonstrated progressive de- 
crease in the size of the cystic structure with 
complete reexpansion of the left lower lobe. 


Patient 2 

A 16-year-old boy was admitted to the 
emergency room of Jacobi Hospital on April 5, 
1978. He had been hit by a car on the right side 
24 hours before. At that time, he had regarded 
the trauma as minimal and went home. During 
the night, however, he began to cough, with 
expectoration of small amounts of blood-tinged 
sputum. 

In the emergency room a chest roentgeno- 
gram (Fig 2) was made. It revealed an oval 
cavitation measuring 6 by 3 cm with an air-fluid 
level located at the right middle lobe. The cavity 
was surrounded by a discrete infiltrate. The 
patient was admitted, and a workup was done 
for possible lung abscess or tuberculosis versus 
traumatic pseudocyst. Because the clinical his- 
tory and bacteriological results were negative, 
the final diagnosis was traumatic pseudocyst. 
Bronchoscopy done two days after admission 
demonstrated flecks of blood in the right bron- 
chial tree. Four days after bronchoscopy there 
was no further bleeding, and the patient was 
discharged after a seven-day hospital stay. 

Subsequent roentgenograms were made 4 
(Fig 3), 8, and 12 weeks later. They showed a 
rapid decrease in size of the original lesion, and 
after 12 weeks only a small density (1 by 0.5 cm) 
was present. 
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Fig 1. (Patient 1). A large cystic space with an air-fluid 
level is located in the left upper lobe. 


++ 








Fig 2. (Patient 2). Roentgenogram made on admission 
reveals an oval cavity with an air-fluid level in the right 
midlung field. 





Fig 3. (Patient 2). Roentgenogram made 4 weeks after 
admission shows marked decrease in the size of the 
traumatic pseudocyst. 


Patient 3 

A 20-year-old man was seen in the emergency 
room thirty minutes after he was hit by a small, 
food delivery van. He had cough and hemop- 
tysis Of a minimal quantity of bright red blood. 
On physical examination, tire marks were seen 
posteriorly on the chest and left shoulder. Chest 
roentgenograms demonstrated a pulmonary 
cyst with an air-fluid level in the left midlung 
field. A fracture of the coracoid process was also 
identified. Bronchoscopy was done on the day 
of admission, with negative findings. There 
was no bleeding after the second day after the 
injury. The patient was discharged after six 
days and followed as an outpatient. Roent- 
genograms made thirty days later showed com- 
plete healing of the cyst. 


Comment 

The most frequent lesions produced in the lung 
by blunt trauma are lung contusions and pul- 
monary hematomas. In roentgenograms, lung 
contusion is seen as an irregular infiltrate not 
confined to segmental or lobar anatomical 
boundaries, and a hematoma as a clearly de- 
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fined oval or round density. Less frequently 
found is an acute disruption of the pulmonary 
parenchyma generating single or multiple in- 
trapulmonary air-filled spaces secondary to 
blunt injury of the chest [5, 7, 14]. Greening and 
associates [7], in 1957, published 6 case reports 
of closed trauma to the chest followed by for- 
mation of lung cavities. They considered those 
cavities to be similar to pneumatoceles seen in 
children secondary to staphylococcus pneumo- 
nia. In 1965, Sorsdahl and Powell [13] collected 
25 reports of traumatic cysts from the literature. 
Since then, 23 more case reports have been 
published, bringing the total number of pub- 
lished reports to 48 [2, 3, 4, 6, 8—12]. It is in- 
teresting to notice that the majority of reports 
are in radiology journals, while the surgical lit- 
erature has ignored this entity almost com- 
pletely. 


Etiology 

The etiology of pulmonary changes produced 
by closed chest trauma has been explained as 
the result of external forces applied to the chest 
wall and transmitted to the pulmonary paren- 
chyma [3, 14]. Several authors believe that the 
lung laceration results from shearing stresses 
produced by the concussion wave transmitted 
to the chest wall [3, 15]. Other explanations 
consider that disruption of the wall of the small 
bronchus in conjunction with increased intra- 
bronchial pressure could be responsible for the 
creation of air-filled cavities [3]. These cavities 
subsequently fill partially with blood originat- 
ing from the disruption of interstitial capillar- 
ies. Another explanation is that increased pres- 
sure in an area distal to a traumatically oc- 
cluded bronchus could produce an explosive 
rupture of adjacent alveoli, thus producing 
cavities composed of alveoli remnants [4]. 

The overwhelming majority of patients with 
traumatic lung cysts described in the literature 
are children or young adults. Six patients 
ranging from 1 to 6 years old have been de- 
scribed [4, 11, 13]. The other patients were be- 
tween‘14 and 24 years old. Two patients were 28 
and 47 years old and are exceptions [4]. This 
preponderance of traumatic lung cysts in young 
patients suggests that the lung in young indi- 
viduals is more fragile and therefore more sus- 


ceptible to tearing by shearing forces. It is also 
possible that the flexibility of ribs in young in- 
dividuals permits thorough compression of the 
lung [5], which would produce the pseudocyst 
disruption. 


Clinical Findings 

Symptoms specifically related to the pseudocyst 
are mild and consist of cough, hemoptysis, and 
chest pain. In only 40% of the patients de- 
scribed in the literature was hemoptysis pres- 
ent. Rarely is hemoptysis the symptom that 
prompts the patient to seek medical care, as in 1 
of our patients. It may persist for two to five 
days and usually is only a few milliliters of 
blood daily. 

Cough can be associated with the expectora- 
tion of blood and seldom appears as an isolated 
symptom. A more rare occurrence is an increase 
in temperature that can be due to associated 
lung injury around the cystic area. Pneumo- 
thorax, if present, is usually not significant, 
but when it is sizable, it should be treated 
accordingly. 


Differential Diagnosis 

One of the most puzzling aspects in the diag- 
nosis of traumatic pulmonary cysts is its rarity. 
Therefore, for the unaware physician, the pres- 
ence of a pulmonary cavity usually suggests the 
more customary etiologies that are not asso- 
ciated with trauma. Frequently, the physician 
in charge is tempted to do an extensive workup 
to rule out the most commonly observed causes 
of lung cavities, that is, lung abscesses of bacte- 
rial or tuberculous origin. 

If an isolated pulmonary cyst or, occasionally, 
multiple pulmonary cysts are seen on roent- 
genograms of a patient who suffered an acci- 
dent, the possibility of traumatic pulmonary 
cyst should be considered. The presence of a 
small amount of blood-tinged sputum should 
increase this clinical suspicion. 


Treatment 

Usually no specific treatment is necessary. As- 
sociated trauma and complications should be 
treated accordingly, and close follow-up is rec- 
ommended until the patient is free from symp- 
toms and the lesion is under control. 
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Nomenclature 

There is no consensus regarding the terminol- 
ogy that should be employed to define these 
lesions. They have been described in the liter- 
ature under various headings: cavitary pulmo- 
nary lesions (Sorsdahl and Powell [13)]); 
pseudocysts (Pearl and associates  [11)); 
pseudocystic hematoma (Pezzi and colleagues 
[12]); traumatic cyst (Nielsen and Gronmark 
[10]); pneumatocele [2, 7, 9]; and traumatic lung 
cavities [8]. 

In 1957 Greening and co-workers [7] called 
attention to the radiological similarity between 
traumatic and pneumonic pneumatocele, and 
in 1972 Middendorp and Marty [9] suggested 
that this lesion be designated as a traumatic 
pneumatocele. The term pneumatocele was 
used by Zarfl [15] in 1932 to describe air-filled 
cavities appearing in the lungs during the 
course of pneumonia in children. Almklov and 
Hatoff [1] in 1946 also selected the term 
pneumatocele to define cavities related to 
pneumonic processes. Since then, pneumato- 
cele has been used in that context. It seems to 
us that the established use of pneumatocele 
as related to infectious disease should be 
respected and that it should not be used to 
describe different clinical entities. 

By definition, a cyst is an epithelial-lined 
cavity; therefore, this word should not be 
applied to traumatic cavities. We believe that 
the ideal terminology should be pulmonary 
traumatic pseudocyst because it indicates the 
anatomical nature of the lesion as well as the 
etiology. 

Traumatic pseudocysts of the lung are a 
clearly defined entity and should be considered 
in evaluating a young patient with blunt chest 
injury. The clinical and radiological aspects 
were discussed. Extensive and unproductive 


workups should be avoided. Treatment is con- 
servative, and surgical intervention is unwar- 
ranted. 
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Transcatheter Embolization 


for Control of Bleeding Following Pleurectomy 


Robert S. Feld, M.D., David C. Levin, M.D., Douglas P. Grey, M.D., 


and Roger B. B. Mee, M.D. 


ABSTRACT Persistent postoperative hemorrhage 
following pleurectomy and decortication was 
stopped by selective embolization of the bleeding 
intercostal artery. The technique and usefulness of 
this procedure are discussed. 


Selective arteriographic embolization is now a 
widely accepted mode of therapy in patients 
with acute hemorrhage. Control of gastrointes- 
tinal [3, 4, 8, 9], pelvic [7], and renal [2] hemor- 
rhage have all been reported. In the chest, 
hemoptysis has been stopped with bronchial 
artery embolization [6]. In 1977, Barbaric and 
Luka [1] embolized a bleeding intercostal artery 
in a patient with hemorrhage following blunt 
chest trauma and rib fractures after exploratory 
thoracotomy had failed to reveal a bleeding site. 

We present a case report that illustrates the 
value of selective arterial embolization in post- 
operative pleural bleeding following pleurec- 
tomy and decortication. 


A 63-year-old man was referred to the Peter 
Bent Brigham Hospital with an unresolved 
right empyema. Three months earlier at another 
hospital, he had undergone exploratory lapa- 
rotomy for abdominal pain, cholecystectomy 
for cholelithiasis, and appendectomy for a 
periappendiceal abscess. Postoperatively, he 
had persistent drainage from the incision in the 
right upper quadrant, and eventually a puru- 
lent right pleural effusion developed. Three 
months postoperatively, despite chest tube 
drainage and antibiotics, he had an intractable 
empyema of the right pleural space. 
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After transfer to our hospital, he underwent 
right pleurectomy and decortication. The pleu- 
ral peel was 2 to 3 cm thick, contained mul- 
tiple abscesses, completely surrounded the 
right lung, and was massive in the posterior 
costophrenic sulcus. There was generalized 
oozing at the end of the operation. During the 
first postoperative hour, 600 ml of blood 
drained from the chest tubes. He was reex- 
plored at that time, and all bleeding points 
were controlled except those deep in the poste- 
rior costophrenic sulcus where visualization 
was difficult. For this reason, the pleural space 
was then reentered two ribs lower through the 
same incision. Direct exposure of the bleeding 
point still could not be obtained. Use of Avitene 
(microfibrillar collagen hemostat) and Surgicel 
(absorbable hemostat of oxidized regenerated 
cellulose) in the posterior sulcus seemed to slow 
the bleeding, and the incision was closed. 
However, bleeding through the chest tubes 
persisted at 200 to 300 ml per hour during the 
next ten hours. Arteriography was performed. 
Right intercostal arteries were sequentially 
catheterized starting at the sixth thoracic level 
and progressing caudally. The first five ar- 
teriograms were unremarkable, but a small area 
of extravasation was demonstrated on the right 
eleventh intercostal arteriogram (Fig 1). This 
vessel was then selectively embolized with 
multiple pieces of Gelfoam (absorbable gelatin 
sponge) and autologous clot. The initial pieces 
of Gelfoam occluded the distal portion of the 
intercostal artery beyond the bleeding point, 
and, later, larger pieces and autologous clot 
occluded the artery proximal to the bleeding 
point (Figs 2, 3). Embolization was followed by 
back pain which disappeared within fifteen 
minutes. The chest tube drainage cleared 
rapidly, and no further bleeding ensued. There 
were no apparent complications from the pro- 
cedure. 
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Fig 1. Selective injection into the right eleventh inter- 
costal artery shows extravasation of contrast in the re- 
gion of the posterior costophrenic sulcus (arrowhead). 





Fig 2. After embolization with small pieces of Gelfoam, 
injection of contrast shows occlusion of the vessel distal 
» to the bleeding site (arrowhead). 
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Fig 3. After a second embolization using larger pieces of 
Gelfoam and autologous clot, the vessel is occluded 
proximal to (arrowhead) as well as distal to the bleed- 
ing point. (The presence of contrast, from previous in- 
jections, below the posterior attachment of the dia- 
phragm suggests communication with a subphrenic 
abscess.) 


Comment 

In pelvic and thoracic trauma, transcatheter 
embolization has achieved hemostasis in in- 
stances when surgical exposure and control of 
bleeding points would have been difficult (1, 
7]. In our patient, we used intercostal arteri- 
ography to identify and successfully occlude 
a postoperative bleeding source hidden by 
phlegmon in the posterior sulcus of the chest. A 
third thoracotomy and further dissection in this 
difficult area was thus averted. 

In carrying out intercostal arteriography to 
localize and treat bleeding into the pleural 
space, several important points should be kept 
in mind. First, there is variable origin of the 
major spinal artery from an intercostal artery 
[5]. When an intercostal artery initially is en- 
tered with the catheter tip, a small test injection 
of contrast material should be made under 
fluoroscopic control to assure that spinal cord 
branches are not arising from the vessel. Only 
then should a larger volume of contrast be in- 


jected for the filming sequence. Embolization of 
an intercostal artery that gives rise to spinal 
cord branches is contraindicated. In our pa- 
tient, no spinal cord branches were seen arising 
from any of the intercostal arteries. 

Second, the posterior intercostal arteries 
arising from the descending thoracic aorta can 
anastomose anteriorly with branches from the 
internal mammary artery. Therefore, if inter- 
costal arteriography does not reveal a bleeding 
source, arteriography of the ipsilateral internal 
mammary should also be performed. 

Finally, because of the potential dual blood 
supply to intercostal arteries, the size of the 
Gelfoam pieces should be carefully controlled. 
If the bleeding site is visualized by a posterior 
intercostal injection, as in our patient, the ini- 
tial pieces of Gelfoam should be small (1 to 2 
mm). This will help promote occlusion of the 
intercostal artery distal to the actual bleeding 
site. Occlusion prevents recurrence of bleeding 
by retrograde flow from an anterior intercostal 
branch of the internal mammary artery. After 
distal occlusion of the intercostal artery has 
been achieved (see Fig 2), larger pieces of Gel- 
foam or autologous clot can then be introduced 
to try to occlude the intercostal artery proximal 
to the bleeding site. In this way, the bleeding 
site is isolated by occlusions both proximal and 
distal to it, and the chances of recurrence are 
diminished. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 

In 1979 only, the two parts of the examination 
were given together. The time and place was 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 

In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 
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design for uniform 
pressure on all parts of 
the membrane 
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air bag, exerts pressure 
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and helps control oxygen 
exchange. The improved 
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where the shim contacts 
the front of the membrane 
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across all of the membrane 
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special reinforcers have 
been placed at the top 
and bottom of the 
membrane envelopes to 
provide additional 
protection against the 
possibility of blood leaks. 
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Designed for efficiency 
over a broad range of 
perfusion parameters 


The TMO Adult Membrane Oxygenator incorporates 
2.25 square meters of membrane and is indicated for 
total bypass on patients at flow rates up to six liters per 
minute. And, under standard test conditions as listed In 
J| the direction insert (see table), the TMO Adult 
| Membrane Oxygenator transferred as much as 346 ml 
\ of oxygen per minute, while removing a slightly larger 
amount of carbon dioxide. The lowest practical prime 
for the Adult system (including oxygenator, reservoirs, 
and MINIPRIME® Disposable Heat Exchanger) is 900 
ml. When the arterial and venous lines are included, 
the entire circuit may be primed with as little as 1800 ml 
anor non-cellular fluid. Clinical experience has 
9anted on patients ranging in weight between 
25 Kg ane 100 Kg. 







TMO MEMBRANE OXYGENATOR 
PERFORMANCE CHARACTERISTICS 


Operation of the oxygenator under clinical conditions 
may produce different values from those illustrated 
because of the variables involved in the clinical 
perfusion procedure and in the manufacture of the 
device. The values shown are for approximation only. 
The charts below show the mean values from six 
oxygenators using canine blood. 


STANDARD TEST CONDITIONS” 




















| 
Condition Performance 
Blood Flow | 6 liters/min 
Gas Flow | 15 liters/min 
Venous Saturation | 60% 
J | Venous pCO, | 47 mm/Hg 

Venous pH | £38 

| Temperature ot 
Hematocrit l 41% 

| shim Pressure | 300 mm/Hg 

‘The ability of the TMO Membrane Oxygenator to transfer oxygen into 

and remove carbon dioxide from the blood will vary widely depending 





upon the condition of the blood 
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INDICATIONS 

The Travenol TMO Membrane Oxygenator is indicated for the oxygenation of blood and the 
removal of carbon dioxide from it in an extracorporeal circuit during total cardiopulmonary bypass 
at flow rates up to 6 liters/minute at altitudes not in excess of 5300 feet (1615 meters). 


CONTRAINDICATIONS 
Selection of patients as candidates for oxygenation is totally a medica! responsibility and the 
outcome is dependent on many variables, including patient pathology anc surgical and perfusion 
procedures. 

In patients who are actively bleeding, medical judgment must be exercised in the use of the 
‘device. Benefits of oxygenation must be weighed against risks of total body heparinization. 
Oxygen requirements and transfer rates are influenced by many variables during perfusion 


WARNINGS e 
Evaluation of this >*ygenator at elevated altitudes has shown inadequate outlet partial pressure 
for total bypass ‘apparently because of lower O, partial pressure differences across the 
membrane). Until appropriate modifications are made, use of this device at altitudes above 5300 
feet (1615 meters) isnot recommended. 

Use of blood suction devices must be limited where possible. 
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sides of the oxygenator must be referenced to the same pressure. The gas outlet port should 
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Before using, refer to complete directions accompanying the product. 
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HOW TO DOIT 


Radical Enlarg 


ement of the Aortic Root 


and Outflow Tract to Allow Valve Replacement 


Edward A. Rittenhouse, M.D., Lester R. Sauvage, M.D., Stanley J. Stamm, M.D., 
Peter B. Mansfield, M.D., Dale G. Hall, M.D., and Paul S. Herndon, M.D. 


ABSTRACT A method of radical enlargement of 
the aortic root and outflow tract is described. The 
technique consists of incising the aortic annulus, the 
anterior mitral leaflet, and the superior aspect of the 
left atrium. Valve replacement is then possible, with 
patch reconstruction of the resulting defects. 


The operative approach to severe left ventricu- 
lar outflow tract obstruction not amenable to 
isolated aortic valve replacement consists of 
aortic root enlargement [2, 6, 7, 11, 13, 14, 17, 
18] or creation of a second outflow from the 
apex of the left ventricle to the aorta [5, 12, 15]. 
Root enlargement has been obtained by incis- 
ing the annulus in the noncoronary sinus [2, 6, 
11] or by division of the annulus in the right 
coronary sinus area with extension into the 
septum [6, 7, 13, 14, 17, 18]. These procedures 
allow placement of a slightly larger prosthesis 
than is otherwise possible in the subcoronary 
position. 

Recently we found it necessary to apply a 
more radical method to enlarge the aortic root 
and outflow tract in a child to allow aortic valve 
replacement. The procedure consists of exten- 
sion of the aortotomy through the noncoronary 
annulus, into the superior aspect of the left 
atrium, and down the anterior leaflet of the mi- 
tral valve, followed by patch reconstruction and 
valve replacement. This technique may be a 
logical alternative to apical left ventricular- 
aortic bypass in some patients 


Operative Technique 
The operative sequence is illustrated in Figure 1. 
(1) The aortic incision is oblique with exten- 
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sion into the noncoronary sinus of Valsalva. 
After leaflet excision, the size of the annulus is 
determined. (2, 3) The anterior leaflet of the 
mitral valve is visualized, and the incision is 
extended across the aortic annulus and down 
the center of the mitral valve leaflet to within 5 
mm of the free edge. This requires extend- 
ing the incision into the roof of the left 
atrium for approximately 2 cm. Care must be 
taken to avoid injury to the sinus node artery in 
those instances when it arises from the cir- 
cumflex coronary artery and courses along the 
superior aspect of the left atrium to the sinus 
node. (4) The aortic outflow tract is now wide 
open, and a valve sizer is again introduced into 
the annulus. The size and configuration of 
the patch are determined by measuring the 
width of the defect at the annulus level, and the 
distance from the annulus to the apex of the 
mitral valve incision and to the apex of the aor- 
totomy. (5) The appropriate size of Hancock 
valve is washed in three separate basins of 
saline solution for five minutes each while the 
preclotted patch (USCI Sauvage filamentous 
Dacron fabric patch) is sutured into position. 
The apex of the patch is sutured to the apex of 
the mitral leaflet incision and to the annulus on 
both sides of the patch. At this point, it is im- 
portant to determine the correct size of patch 
needed to fill the defect remaining in the roof of 
the left atrium and suture it into place, since 
after the valve is replaced, exposure is im- 
paired. (6) The annulus is sized again, and the 
valve is sutured to the annulus and patch using 
interrupted sutures. The sutures in the patch 
should be horizontal mattress sutures, and 
sewing ring, mitral patch, and atrial patch must 
be included to complete closure of the left 
atrium. Approximately one-third of the sewing 
ring of the valve prosthesis is sutured to the 
patch. The remainder of the patch is utilized to 
close the aortotomy. The completed repair is 
shown in steps 7 and 8. 
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Fig 1. Operative technique for radical enlargement of 
the aortic outflow tract and aortic root. (1) Aortotomy 
is made to the level of the annulus in the noncoronary 
sinus. (2) Broken line indicates the proposed incision 
through the annulus, down the central portion of the 
anterior mitral leaflet, and into the roof of the left 
atrium. (3) The aortic outflow tract and root are widely 
opened by this incision. (4) The sizer is introduced at 
the annulus level, and the valve size is determined. (5) 


Suture of the patch is begun at the apex of the mitral 
leaflet incision (A). (6) Another patch (B) is sutured to 
the apex of the atrial wall incision and sutures are 
placed through the valve sewing ring and both patches. 
The remainder of patch A is used to close the aortotomy 
incision to its apex (A’). (7) The completed reconstruc- 
tion of the aortic root and outflow tract. (8) Cutaway 
view illustrating the relationships of the prosthetic 
valve, aortic annulus, mitral leaflet, and patches. 


Ww 
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Case Report 


A 14-year-old boy was admitted for evaluation 
of aortic stenosis and insufficiency. He had 
been followed since birth because of a systolic 
murmur and clinical diagnosis of aortic 
stenosis. When he was 312 years old, electro- 
cardiogram showed increasing left ventricular 
hypertrophy despite an absence of symptoms. 
A systolic murmur (grade 4/6) audible widely 
over the precordium suggested severe aortic 
stenosis. Cardiac catheterization on February 5, 
1963, showed valvular and supravalvular aortic 
stenosis, with a left ventricular pressure of 
180/20 mm Hg and arterial pressure of 93/73 mm 
Hg. The patient was referred for intracardiac 
repair. 

Using standard cardiopulmonary bypass 
techniques, the ascending aorta was opened 
with an incision through the supravalvular 
stenosis and into the noncoronary sinus. A 
bicuspid stenotic aortic valve was opened by 
commissurotomy. The supravalvular aortic 
stenosis was corrected with a pericardial patch, 
but the aortic root remained quite narrow de- 
spite the attempt to widen it with the patch 
graft. Cardiopulmonary bypass was discon- 
tinued uneventfully, and the measured peak 
gradient between the left ventricle and aorta 
was 15 mm Hg. 

The patient had an uncomplicated post- 
Operative course. The systolic murmur was 
greatly reduced. But in 1974, when the patient 
was 11 years old, subacute bacterial endocar- 
ditis with Streptococcus viridans developed, 
and, despite aggressive treatment with anti- 
biotic therapy, an increasing aortic insuffi- 
ciency murmur was noted. 

By 1977, roentgenograms showed progressive 
cardiomegaly and echocardiograms suggested 
increased left atrial and left ventricular chamber 
size. Cardiac catheterization was performed on 
April 26, 1977, to document hemodynamic 
status. Right ventricular pressure was elevated 
at 45/5 mm Hg as was pulmonary artery pres- 
sure at 45/25 mm Hg. Left heart study revealed 
severe aortic regurgitation. Left ventricular 
systolic pressure was 215 mm Hg with an end- 
diastolic pressure of 28 mm Hg. The arterial 
pressure was 120/45 mm Hg; thus, the systolic 
gradient across the outflow tract was 95 mm Hg. 





Fig 2. Preoperative left lateral aortogram indicating 
aortic regurgitation and marked narrowing of the aortic 
outflow tract. 


Left ventriculogram revealed severe narrowing 
of the aortic outflow tract (Fig 2). 

Open cardiac repair was performed on July 
18, 1977. A repeat midline sternotomy was 
performed. The patient was placed on car- 
diopulmonary bypass and, after core cooling to 
24°C, the ascending aorta was cross-clamped 
and the aorta was opened into the noncoronary 
sinus of Valsalva. Coronary perfusion was es- 
tablished at 18°C. The leaflets were found fused 
and calcified. After they were excised, the an- 
nulus was sized and was found to be too small 
to accept a 19 mm prosthesis. Radical aortic root 
enlargement was indicated and the procedure 
already outlined was performed (see Fig 1). It 
allowed placement of a 23 mm Hancock pro- 
cine heterograft prosthesis. Cardiopulmonary 
bypass was discontinued in the usual manner, 
and, after hemostasis was obtained, the chest 
was closed with catheter drainage of the 
mediastinum. The patient was transferred to 
the intensive care unit. Hemodynamic data 
were stable. 

The initial postoperative period was charac- 
terized by fever and, although blood cultures 
were negative, a full six weeks of antibiotic 
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Fig 3. Single frames from two-dimensional real-time 
sector scans in longitudinal axis through the left ven- 
tricular outflow tract. Upper tracing, early diastole. 
Lower tracing, early systole. (S = interventricular sep- 
tum; LVOT = left ventricular outflow tract; ALMV = 
anterior leaflet mitral valve; LA = left atrium.) 


therapy was continued. After discharge from 
the hospital, the patient had an episode of acute 
abdominal pain which required readmission 
and exploratory laparotomy, at which time 
small petechiae were found in the small bowel. 
There was no evidence of infarction. The pa- 
tient recovered from this presumed episode of 
microemboli. Thereafter, he continued the re- 
gimen of Persantine (dipyridamole) and As- 
criptin (aspirin and magnesium aluminum 
hydroxide). 

Follow-up at twelve months revealed a very 
active boy. Cardiac examination demonstrated 
a grade 2/6 systolic flow murmur across the 
prosthesis. No evidence of mitral regurgitation 
was present. An echocardiogram obtained 
eight months postoperatively demonstrated 
normal motion of the anterior leaflet of the mi- 
tral valve (Fig 3) and a quite satisfactory left 
ventricular outflow tract (Fig 4). The patient 
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continues to grow steadily and is classified in 
New York Heart Association Functional Class I. 


Comment 

The surgical treatment of patients with severe 
obstruction of the left ventricular outflow tract 
occasionally requires more than conventional 
aortic valve replacement because of a hypo- 
plastic aortic annulus or subannular narrowing. 
Creation of a second outflow tract from the left 
ventricular apex to the aorta has been applied 
recently by several surgical groups [5, 12, 15]. If 
there is aortic regurgitation also, the subcoro- 
nary outflow tract must be obliterated. 

Alternatively, techniques have been de- 
scribed for enlarging the aortic root, thereby 
allowing placement of a larger prosthesis in the 
subcoronary position. Konno and associates [7] 
extended the aortic incision across the aortic 
annulus between the two coronary arteries and 
into the interventricular septum. An additional 
incision was necessary in the right ventricular 
outflow tract. This procedure enlarged the aor- 
tic annulus significantly to make placement of a 
large prosthesis possible. Success with a similar 
procedure was described by Symbas and col- 
leagues [18]. The disadvantage of this operation 
is potential injury to the conduction system and 
reduction in myocardial performance by place- 
ment of prosthetic patches in the septum and 
right ventricular free wall. Rastan and Koncz 
[14] reported a 50% mortality in their first 4 
patients to undergo this procedure. Further- 
more, Rastan and associates [13] reported a 25% 
mortality with this technique and lethal injury 
to a dominant septal coronary artery in 1 pa- 
tient. 

Najafi and co-workers [10] and Lamberti [8] 
utilized an aortoplasty patch to enlarge the 
segment of aorta between the annulus and the 
commissure apex. Although this technique 
makes room for valve cage or struts, valve size 
is still limited by the diameter of the aortic an- 
nulus. 

Nicks and associates [11] in 1970 described a 
technique extending the aortic incision through 
the annulus to the origin of the mitral valve in 
the region of the noncoronary sinus. The an- 
nulus was widened by a Dacron fabric gusset. 
Blank and co-workers [2] also carried the inci- 
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Fig 4. M-mode echocardiographic sweep from the left 
ventricle to the aorta. (LV = left ventricular cavity; 
ALMV = anterior leaflet mitral valve; PLMV = poste- 
rior leaflet mitral valve; LVW = left ventricular wall; S 
= septum; LVOT = left ventricular outflow tract; AoV 
= aortic valve; Ao = aorta; LA = left atrium.) 


sion through the annulus and placed the valve 
sewing ring at the base of the incision below 
the annulus. The aortic incision was then closed 
with a patch graft. Jones and associates [6] de- 
scribed a so-called safer modification of this 
technique, which involved carrying the aor- 
totomy down to the junction of the left atrium 
and aorta and to, but not through, the aortic 
annulus or the anterior leaflet of the mitral 
valve. The prosthetic valve was then anchored 
to the Dacron patch in a somewhat canted posi- 
tion slightly different from the normal orienta- 
tion of the aortic valve annulus to the left ven- 
tricular outflow tract. However, that method 
may enlarge the aortic annulus by only one 
size. All these procedures avoid extension of 
the incision into the roof of the left atrium or 
down the anterior leaflet of the mitral valve, 
thus limiting the extent of enlargement. In the 
technique described in this report, radical en- 
largement of the aortic root is accomplished by 
making these additional incisions. Initially our 
patient’s annulus would not accept a 19 mm 
aortic prosthesis, but, after the annulus had 
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been enlarged, a 23 mm prosthesis was placed 
without difficulty. 

Reconstruction of the aortic root in the man- 
ner described requires insertion of a prosthetic 
patch into the anterior mitral leaflet. Mitral 
competence has been maintained in our pa- 
tient, as determined from clinical evaluation. 
Furthermore, postoperative echo-sector scan 
demonstrated normal motion of the anterior 
mitral leaflet postoperatively (see Figs 3, 4). The 
ultimate fate of the Dacron fabric patch in the 
anterior mitral leaflet is not known. However, 
our clinical experience with pericardial leaflet 
advancement [16] and unpublished experi- 
mental observation on Dacron grafts in the mi- 
tral leaflets suggest mitral competence is main- 
tained even though the grafts thicken and 
stiffen. 

Placement of a small valve prosthesis in the 
aortic annulus results in high transvalvular gra- 
dients that increase with exercise and may pre- 
dispose to thrombosis and hemolysis [1, 3, 4, 9, 
15, 16]. Enlargement of the aortic root as de- 
scribed here is a logical approach to the prob- 
lem. Extension of the incision into the mitral 
leaflet and left atrium seems preferable to inci- 
sion in the septum and right ventricle since 
mitral competence is maintained, conduction is 
not disturbed, and myocardial contractility is 
not affected by the patch placement. 
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Graft Hemostasis: An Alternative to Preclotting 


Morrison C. Bethea, M.D., and Keith Reemtsma, M.D. 


ABSTRACT An alternative to preclotting prosthetic 
grafts has proved to be simple, safe, and effective in 
the already heparinized patient. The prosthetic graft 
or patch is soaked in the patient’s blood obtained 
after systemic heparinization, autoclaved for three 
minutes at 131°C (270°F), and then inserted. 


Extensive bleeding may occur through the wall 
of prosthetic grafts if they are not properly pre- 
pared before insertion, especially when used in 
cardiac positions or the thoracic aorta. Several 
preclotting techniques have been described [1]. 
In emergencies patients sometimes must be 
systemically heparinized for extracorporeal sup- 
port before the grafts can be satisfactorily pre- 
clotted. In these instances, graft clotting with 
protamine titration is often inaccurate and un- 
successful. We have found the following tech- 
nique easily reproducible, totally effective, and 
applicable to the already heparinized patient. 


Method 


The prosthetic graft or patch is thoroughly 
soaked in the patient’s blood obtained after 
systemic heparinization. It should be ma- 
nipulated and stretched in the blood to en- 
sure complete wetting. Then it is wrapped in a 
sterile towel, placed in a steam autoclave for 
three minutes at 131°C (270°F), and is ready 
for insertion (Figure). Only heparinized blood 
should be used. Use of nonheparinized blood 
results in incomplete wetting of the graft and, 
after heating, formation of a friable coating 
on the graft surface. 


Comment 

This technique completely prevents bleeding 
through the wall of the prosthetic graft. We have 
used it most often for woven Dacron patches and 
grafts on the heart’s surface or in the thoracic 
aorta; however, it has been as effective with 
From the Department of Surgery, Ochsner Medical Institu- 
tions, New Orleans, LA, and the Department of Surgery, 


College of Physicians and Surgeons of Columbia Univer- 
sity, New York, NY. 


Accepted for publication July 20, 1978. 


Address reprint requests to Dr. Bethea, Ochsner Clinic, 
1514 Jefferson Hwy, New Orleans, LA 70121. 


+ 





A woven graft after it was soaked in the patient's 
heparinized blood and autoclaved. 


knitted Dacron grafts in the abdominal aorta. The 
technique has been applied in 22 patients, with 
woven gra‘ts in 20 and knitted grafts in 2. We have 
seen no adverse reactions or complications. 

After heating, the prosthetic grafts are less 
pliable, but this has not presented any technical 
problems. One of us (K. R.) has used the tech- 
nique for more than five years and has en- 
countered no instances of embolization or late 
graft deterioration. We believe this technique 
to be as effective as preclotting and preferable 
to other techniques for patients already hep- 
arinized for extracorporeal support. . 
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NOTE 


Digital Injury Using the Sternum Perforating Awl 


Myles Edwin Lee, M.D. 


ABSTRACT Closure of the median sternotomy in- 
cision using stainless steel wires passed through the 
tip of a sternum-perforating awl is a common proce- 
dure. Digital injury can result should the awl shaft 
suddenly snap during sternal penetration. Sheathing 
the shaft with a plastic guard will prevent injury 
when this occurs. 


The median sternotomy incision provides rapid 
access to the heart and great vessels for a variety 
of cardiovascular procedures. Apposition of the 
divided sternal halves may be accomplished 
with multiple 22-gauge surgical stainless-steel 
wire sutures passed through the tip of a 
Rochester sternum perforating awl.* 


From the Department of Thoracic, Cardiac and Vascular 
Surgery, Cedars-Sinai Medical Center, 8700 Beverly Blvd, 
Los Angeles, CA 90048. 


Accepted for publication July 17, 1978. 


*No. CH-690; V. Mueller, 6600 West Touhy Ave, Chicago, 
IL 60648. 


(A) Rochester sternum perforating awl and the plastic 
cap from cardiotomy suction tubing, and (B) awl with 
the cap in place as described in the text. 


On occasion, we have seen bending and sub- 
sequent breaking of the awl during its passage 
through the thick or heavily calcified sternal ta- 
bles, especially in the hands of overzealous 
residents who attempt to push the awl through 
without rotating it. The index finger placed 
alongside the awl serves as a guard to prevent 
its sudden passage through the sternum and 
into a subjacent vital structure. On two occa- 
sions, the broken ends of the awl shaft have 
penetrated the operator's thumb or index fin- 
ger. 

This potential hazard with its risks of 
hepatitis or osteomyelitis may be obviated by 
first passing the awl through the plastic cap 
used to cover the ends of 6.4 mm (0.25 inch) 
cardiotomy suction tubing (Figure). Not only 
does the cap form a protective sheath, which 
will contain the broken ends of the awl shaft 
and thereby prevent injury, but it also prevents 
the awl tip from penetrating much more than 
6.4 mm beyond the inner table of the sternum. 
Should the sternum prove to be thicker than 
usual, the cap will collapse slightly with in- 
creased pressure on the awl, allowing sufficient 
penetration of the inner table. Since adopting 
this sheathing technique, digital injury has not 
recurred. 
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COLLECTIVE REVIEW 


Anesthetic Considerations 


for Aortocoronary Bypass Graft Surgery 


Sait Tarhan, M.D., Roger D. White, M.D., and Hugo S. Raimundo, M.D. 


ABSTRACT Between 1964 and 1978, aortocoronary 
bypass graft procedures were performed in more 
than 300,000 patients, and the number seems to in- 
crease every year. Nevertheless, the procedure itself 
can result in perioperative myocardial infarction 
leading to death. Greater understanding of and con- 
stant attention to the myocardial oxygen (O,) supply 
and demand may reduce the incidence of periopera- 
tive myocardial infarction. Some of the factors 
influencing supply and demand can be controlled 
pharmacologically. Drugs such as nitroglycerin, ni- 
troprusside, and propranolol can reduce the myocar- 
dial O, demand. Unfortunately, there are few data to 
elucidate the relationship between myocardial O, 
demand and supply as influenced by anesthetic 
drugs, especially in patients with myocardial isch- 
emia. However, enthusiasm for aortocoronary 
bypass graft operations has given enormous impetus 
to laboratory and clinical studies of this subject. Re- 
cent developments in anesthetic management afford 
better means for protection of the ischemic myocar- 


dium during and after operation. 


An aortocoronary bypass graft procedure was 
performed in 1964 and was considered a 
breakthrough in therapy for coronary artery 
disease. By 1974 more than 100,000 patients had 
undergone this operation, and by the summer 
of 1977 the number was between 280,000 and 
300,000 [37]. Since ischemic heart disease is the 
most common cause of death in the United 
States and since approximately 1,300,000 pa- 
tients sustain a myocardial infarction each year 
[21], undoubtedly the number of Operations 
performed on patients with ischemic heart dis- 
ease will increase. Yet after extensive experi- 
ence spanning more than a decade, the opera- 
tion still is surrounded with controversies. The 
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procedure itself can result in an occurrence of 
perioperative myocardial infarction. Such in- 
farcts have been demonstrated in 7 to 46% of 
patients by electrocardiographic changes, and 
use of enzymes and radioactive nucleotide im- 
aging raises the percentage even higher [37]. 
Obviously, perioperative myocardial infarction 
is a major challenge to surgeon and anes- 
thesiologist alike. 

Extensive efforts to protect the myocardium 
during and after operation will reduce the inci- 
dence of perioperative myocardial infarction. 
Greater understanding of the pathophysiology 
of ischemic events and constant attention to the 
balance between myocardial oxygen (O,) sup- 
ply and demand are crucial in this setting. 
Myocardial O, demand increases with the car- 
diac work occasioned by increase of arterial 
blood pressure (afterload) and also by increase 
of left ventricular filling pressure (preload). 

One of the most important determinants of 
O, demand of the myocardium is the heart rate 
[3]. Myocardial O, supply depends on coronary 
blood flow, which, in turn, is affected by the 
diastolic arterial blood pressure or by the pa- 
tency of coronary arteries. Obviously, the O, 
supply to the myocardium is decreased with 
hypoxemia or with a decreased O, carrying 
capacity of blood due to any cause. 

It is possible to control some of these factors 
pharmacologically. Basically, medical manage- 
ment of ischemic heart disease is achieved by 
reducing the myocardial O, demand rather than 
by increasing the coronary blood flow. Va- 
sodilator drugs such as nitroglycerin reduce 
mainly the preload. Nitroprusside (reducing 
afterload) and phentolamine (reducing both 
afterload and preload) [3] lessen cardiac work 
and decrease myocardial O, consumption 
(MVO,). On the other hand, drugs such as 
propranolol decrease the heart rate and reduce 
myocardial contractility, and thus indirectly 
produce reduction of MVO, [26]. 

Unfortunately, there are few data available to 
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elucidate the relationship between myocardial 
O demand and supply as influenced by anes- 
thetic drugs, especially in patients with myo- 
cardial ischemia. Enthusiasm for revasculariza- 
tion procedures has given enormous impetus to 
laboratory and clinical studies of this subject. In 
normal dog heart, anesthetics such as halothane 
do decrease MVO, by a reduction of the pre- 
load, the afterload, and the inotropic state [48]. 
Also, in the absence of ventricular failure, 
halothane influences the relationship between 
myocardial O, supply and demand favorably 
when coronary artery blood flow is limited. 
However, its effect in the failing heart is not 
known. Halothane anesthesia may have ad- 
verse effects and cause further elevation of left 
ventricular end-diastolic pressure (LVEDP) 
with increased wall tension and MVO., which 
can lead to impaired subendocardial blood flow 
[1]. 

Anesthetic agents such as ketamine have 
been recommended as suitable during car- 
diovascular operations because they permit 
cardiovascular stability while maintaining 
anesthesia; but recent studies have shown 
that ketamine doubles or triples coronary blood 
flow and MVO:, probably by increasing the 
arterial blood pressure and heart rate. Because 
of the effect on MVO,, the drug is considered 
contraindicated in the presence of fixed hyper- 
tension, ischemic heart disease, or mitral valve 
disease [44]. Ketamine also is a potent pulmo- 
nary vasoconstrictor, even in relatively low 
dosage [8]. 

In the past, nitrous oxide (NO) has been 
used as an analgesic agent for pain of myocar- 
dial ischemia and infarction. Recent studies 
have shown that NO also influences O, de- 
mand favorably without inducing left ven- 
tricular dysfunction [51]. This may be a par- 
ticular advantage in management of patients 
with ischemic heart disease during anesthesia. 

Neuroleptanalgesia, achieved by a combina- 
tion of droperidol and fentanyl, has been used 
extensively for cardiac operations. In one study, 
droperidol alone (0.33 mg per kilogram of body 
weight) increased the heart rate significantly, 
with a slight drop of arterial blood pressure due 
to reduction of peripheral resistance. Because of 
the increase of heart rate, MVO, also increased 


38%. Subsequent injection of fentanyl (0.0067 
mg per kilogram) antagonized all the hemo- 
dynamic changes induced by droperidol, and 
coronary blood flow and MVO, returned to 
contro! levels [44]. 

Similar studies with other anesthetic agents 
and drugs administered during operation (such 
as muscle relaxants and adrenergic agonists and 
antagonists) and their effects on myocardial O, 
supply and demand are still scarce. Anesthetics 
and drugs available today can be used in com- 
bination to protect the myocardium during and 


' after operation, especially in ischemic heart 


disease. Therefore, the proper choice of anes- 
thetics can be of crucial importance in pre- 
venting perioperative myocardial infarction 
and death. 


Preoperative Evaluation 

and Advance Preparation 

Preoperative evaluation of the patient and the 
cardiopulmonary status can determine the 
management. Data from pulmonary function 
tests and arterial blood gas determinations are 
useful in selection of the ventilatory patterns to 
be used during and after operation. Symptoms 


of cardiac failure can be a warning signal of the 


need for special supportive measures after op- 
eration, such as endotracheal intubation, pro- 
longed mechanical ventilation, and vasodila- 
tory or inotropic therapy. 

Cigarette smoking is a principal cause of 
chronic bronchitis and emphysema [25], and its 
anesthetic implications are commonly known. 
It has been established that cigarette smoking 
also contributes to the occurrence of myocardial 
infarction and coronary heart disease mortality, 
especially sudden death [24]. Nicotine and car- 
bon monoxide appear to be the primary injuri- 
ous substances; and risk is greatly increased by 
hypertension, hypercholesterolemia, and dia- 
betes [25]. Carbon monoxide, because of its 
affinity for hemoglobin and myoglobin, inter- 
feres with transport and tissue utilization of 
oxygen. Anoxic damage to the arterial lining 
may be induced, which in the presence of 
hyperlipidemia accelerates atherogenesis. Nic- 
otine mobilizes catecholamines, which con- 
strict small blood vessels. It also increases blood 
pressure, cardiac rate, and workload, thus 
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causing more O, consumption in an ischemic 
heart already penalized by curtailed O, trans- 
port; and it may cause electrical instability 
leading to ventricular fibrillation and death 
[24]. Therefore, cigarette smoking should be 
forbidden long before operation. 

Drugs administered before operation can 
influence management during and after the 
procedure. Digitalis, diuretics, corticosteroids, 
B-adrenergic blocking agents, and monoamine 
oxidase inhibitors are especially important. 
Prolonged therapy with cardiac glycosides and 
diuretics can diminish the total amount of body 
potassium, with or without lowering the serum 
concentration of potassium [35]. 

Potassium ion is the electrolyte most likely 


to influence the heart's electrophysiological 


properties [13]. In a clinical setting, altered 
K* concentrations are the cause of most ar- 
rhythmias [13]. Clinical evidence of hypo- 
kalemia usually does not appear until potas- 
sium concentrations are less than 2.5 mEq 
per liter. Prolongation of the S-T interval and 
sagging of the S-T segment are typical. Occa- 
sionally a low-amplitude T wave can be seen. 
Hypokalemia also aggravates digitalis-induced 
arrhythmia, even with therapeutic serum con- 
centrations of digitalis during and after opera- 
tion [13], and should be corrected before op- 
eration. Oral administration of potassium is 
preferable because if K* is administered rap- 
idly or in large doses intravenously, the rate of 
rise of plasma K* may induce second- or third- 
degree block. Effects on a K*-depleted animal or 
human are even more serious and include 
bradycardia, cardiac arrest, and depression of 
conduction [13]. Therefore caution is important 
when intravenous administration is chosen. 
We suggest a maximum replacement rate of 20 
mEq of potassium chloride per hour in an adult. 

Myocardial sensitivity to digitalis may be in- 
creased during the first 24 hours after car- 
diopulmonary bypass, even if the serum potas- 
sium is normal [41, 42]. Our preference is to 
terminate administration of digoxin 36 to 48 
hours before operation and digitoxin 72 hours 
before operation. Since patients usually are 
confined to bed before operation, they seem to 
tolerate the temporary withdrawal of digitalis 
well. 


In the management of angina pectoris, g- 
adrerergic blockade has become an important 
therapeutic modality, and propranolol hydro- 
chloride is the agent used most often at pres- 
ent. It decreases angina episodes because it 
reduces myocardial O, consumption. Theoreti- 
cally, if administration is continued to the time 
of operation, propranolol may depress the 
myocarcium during the surgical and postperfu- 
sion pe-iods, causing left ventricular failure. 
Therefore, its discontinuation up to 2 weeks 
before operation has been recommended [27]. 
Yet several reports have indicated the occur- 
rence of acute myocardial infarction, severe an- 
gina, anı ventricular arrhythmias shortly after 
the abrupt withdrawal of propranolol or other 
B-adrene-gic blocking drugs in patients with 
coronary artery disease [17]. Onset of rebound 
angina correlates well with physiological data 
on the disappearance of propranolol from myo- 
cardial tissue. Measurements of both myocar- 
dial propranolol and residual radioactivity from 
propranotol tagged with carbon 14 have shown 
that neit=er residual propranolol nor its me- 
tabolites zersist more than 24 hours after with- 
drawal of the drug [17]. 

Usually propranolol therapy can be con- 
tinued uril 24 to 48 hours before a cardiac pro- 
cedure. Fer patients whose ischemia symptoms 
are severe before therapy is initiated, a gradual 


tapering of individual doses can be suggested. 


For patier-s with unstable angina, continuation 
of the therapy until operation can be necessary. 
This may obviate precipitation of myocardial 
infarction before operation or during induction 
as well as ventricular arrhythmias periopera- 
tively [17] 

Hemostasis during and after operation can be 
influenced by inherited bleeding disorders, 
previous intake of salicylates, and vitamin K 
deficiency. 

Preoperé-ive evaluation of the patient also in- 
cludes consideration of data obtained from car- 
diac cather2rization. This information can be 
predictive zf the outcome of operation. Patients 
undergoing aortocoronary bypass graft opera- 
tion with r.arked depression of left ventricular 
performance (manifested by an ejection fraction 
equal to or Jess than 33%, end-diastolic volume 
equal to or greater than 103 ml per square 


379 Collective Review: Tarhan, White, and Raimundo: Anesthesia for ACBG Surgery 


meter of body surface area, or LVEDP equal to 
or greater than 18 mm Hg) have a significantly 
higher risk of postoperative mortality [15]. 


Routines Closely Related to Operation 
Premedication 

In the past, it was commonly thought that pre- 
medication for any kind of operation should not 
be drastic. Profound sedation and respiratory 
and circulatory depression were to be avoided. 
This concept, however, cannot be applied to 
patients undergoing aortocoronary bypass graft 
operations, especially those whose ventricular 
function is not impaired. Increased amounts of 
premedication are justified because patients are 
very apprehensive before this operation, and 
this apprehension usually causes tachycardia 
and hypertension, which, in turn, increase the 
myocardial O, demand. 

Although different combinations of seda- 
tives, tranquilizers, and opiates can be used 
successfully, we rely on pentobarbital and mor- 
phine for premedication. Pentobarbital is ad- 
ministered orally in doses of 2 mg per kilogram 
of body weight (to a maximum of 100 mg) 2 
hours before operation, and morphine is ad- 


_ ministered intramuscularly 1 mg per 5 kg (to a 


maximum of 10 mg) 1 hour before operation. 

We do not use the belladonna derivaiives and 
related drugs as part of premedication. They 
can increase the heart rate and the incidence of 
arrhythmias [11]. If a vagolytic drug is needed 
during anesthesia, atropine can be adminis- 
tered intravenously in small controlled incre- 
ments until the desired effect is achieved. 

One of the recent additions to premedication 
for patients having aortocoronary bypass 
grafting is the application of nitroglycerin 
ointment (2%) to the chest before the patient 
goes to the operating room [39]. We believe this 
is quite useful. 


Induction 

Induction, in patients with coronary artery dis- 
ease, is increasingly recognized as a critical 
phase of anesthetic management. As soon as 
the patient is placed on the operating table, the 
electrocardiographic electrodes are attached, 
including a V; lead. After the leads are placed, a 
plastic needle (usually 14- or 16-gauge Teflon) is 


inserted into a vein of each arm. Each needle is 
attached to an intravenous infusion set con- 
taining 250 ml of 5% glucose in water. The pa- 
tient then breathes 100% O, by face mask. In- 
duction is started with 5 to 10 mg of diazepam, 
followed by small increments of thiopental (50 
to 75 mg) as tolerated and as needed. We then 
add pancuronium, 0.1 to 0.12 mg per kilogram, 
intravenously and continue quickly with 
thiopental. In this way, 3 to 4 minutes can 
elapse to allow adequate time for relaxation 
before intubation. Circulatory stability and 
longer duration of action make pancuronium 
reasonably suitable for aortocoronary bypass 
graft operation, although tachyarrhythmias do 
occasionally occur. 

We find starting the induction with diazepam 
convenient because it has been shown that the 
drug, in addition to its central sedative effects, 
also has a nitroglycerin-like action on the coro- 
nary and systemic circulations. It decreases 
LVEDP, probably by reducing the afterload or 
venous return (preload), or both. The combina- 
tion of these effects would reduce intracavitary 
volume, myocardial wall tension, and left ven- 
tricular MVO, [4]. 

Before intubation, the trachea is sprayed with 
topical lidocaine (4%) in an effort to prevent 
arrhythmias as well as to provide anesthetic 
tracheal block. Prevention of arrhythmias (if 
achieved) is likely a result of rapid absorption 
of lidocaine across the tracheal mucosa. It may 
also be due to obtundation of tracheal reflexes, 
especially when a suitable time is allowed to 
elapse before insertion of the endotracheal tube 
(about thirty seconds to 1 minute). 


Maintenance 

Maintenance is carried out with N,O (50 to 
60%) and O; and is supplemented with other 
drugs, such as narcotic analgesics (meperidine 
or fentanyl), or a volatile agent (either hal- 
othane or enflurane). If meperidine is chosen, 
we give 20-mg increments intravenously. up 
to a total dose of 200 to 300 mg. 

Morphine has been widely accepted for car- 
diac anesthesia because of its relatively benign 
effects on the cardiovascular system. However, 
morphine can cause release of endogenous 
norepinephrine or epinephrine in humans, re- 
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sulting in an increase of blood pressure. It can 
produce profound analgesia without consis- 
tently providing loss of consciousness [33]. 
Therefore it is often necessary to supplement 
morphine with N:O to achieve amnesia; yet 
such a combination reduces cardiac output not- 
ably during morphine anesthesia [46]. Recent 
studies comparing morphine with N:O and O; 
against halothane with N:O and O, indicated 
that myocardial O, demand was higher in the 
patients who received morphine than in those 
who received halothane. Myocardial depres- 
sion with halothane was not detrimental, and 
indeed the myocardial O, supply/demand ratio 
may have been preserved better during the cru- 
cial precardiopulmonary bypass period with 
halothane [30]. 

We finc halothane to be of value in patients 
who do not have severely compromised left 
ventricular function and who do not have he- 
patic disease. We avoid use of halothane in pa- 
tients to whom it has been administered during 
the previous 12 months. The inspired concen- 
tration of halothane is seldom higher than 1.0% 
with 50% N:O. If the systolic pressure becomes 
less than 9) mm Hg in a previously normoten- 
sive patient, the halothane concentration is de- 
creased or the drug is discontinued and the an- 
esthetic is supplemented with a narcotic such as 
meperidine (in increments of 10 to 20 mg). 

It has been amply demonstrated that 
halothane sensitizes the heart to both exoge- 
nous and endogenous catecholamines; and it 
has been assumed that halothane induces con- 
duction defects resulting in arrhythmias. How- 
ever, according to recent studies, halothane 
sensitizes muscle cells to epinephrine directly 
[29]: 

_Enflurane is a recent addition to anesthetic 
practice. We use 0.5 to 2.0% with a 50% mix- 
ture of N,O and O,. No available evidence indi- 
cates that enflurane has a hepatotoxic effect, 
and our clinical impression is that it produces 
less myocardial sensitization to catecholamines, 
thus perhaps resulting in fewer arrhythmias. 

In. recent years emphasis has been placed on 
hypertension. and its effects on the O; supply 
and demand of the myocardium during and 
after aortocoronary bypass grafting. Perhaps 
the importance of hypotension has not been 


appreciated. But the serious consequences of 
hypotersion cannot be ignored. Diminished 
arterial pressure may have a part in the vicious 
cycle-of decreasing coronary perfusion pres- 
sure, greater ischemic injury, and more se- 
vere hypotension. In addition to this, a 
barorecedtor-mediated increase of heart rate 
would tend to raise myocardial O; demand [12] 
and cause further ischemic injury. The precise 
level of decreased arterial blood pressure or 
coronary perfusion pressure that may jeopar- 
dize the myocardium cannot be established in 
the operating room since it varies from patient 
to patien:. However, a 10 to 20% decrease of 
systolic b_ood pressure is considered acceptable 
by most enesthesiologists [34]. 


Monitoring 
We routinely monitor arterial and external 
jugular or right atrial pressures (in some in- 


stances, left atrial pressure). The electrocardio- 


gram, heart sounds, and temperature are mon- 
itored als>. Indirect monitoring of arterial 
pressure is unreliable, especially if there 
is hypotension; consequently, direct measure- 
ment of arterial pressure is essential in cardiac 
operations- Percutaneous insertion of an 18- or 
20-gauge Teflon catheter into the radial artery is 
easy. If ulnar arterial pulses cannot be palpated 
and adequate collateral circulation cannot be 
demonstrated (Allen’s test), the femoral or the 
dorsalis pedis artery can be used. 

The venous pressure is measured through a 
large-bore plastic needle placed in the right 
internal or 2xternal jugular vein. The external 
jugular veir: may reflect right atrial pressure ac- 
curately during anesthesia with controlled or 
spontaneous respiration, and it has the advan- 
tages of simplicity and safety; but its function 
can be nullified by certain positions of the pa- 
tient. The internal jugular vein catheter can 
function in all positions and provides direct ac- 
cess to right atrial blood for gas analysis [45]. 

Since the determinants of myocardial O, 
supply and demand have the utmost impor- 
tance during and after aortocoronary bypass 
graft operaticns, monitoring should be under- 
taken with t2ose factors in mind. Continuous 
display of arterial pressure and heart rate is es- 
sential. The electrocardiogram may provide 
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Fig 1. Monitoring of electrocardiogram with a lead Vs. 
evidence of acute myocardial ischemia. It is 
best assessed: by left precordial monitoring in 
most instances, and we use a V; lead for this 
purpose during operation (Fig 1). 

LVEDP is the result of left ventricular content 
and associated wall stress. Left atrial pressure 
closely approximates LVEDP and can be esti- 
mated accurately from pulmonary capillary 
wedge pressure [34], which, in turn, can be 
measured with relative ease with a balloon- 
tipped, flow-directed catheter [47]. However, 
we still prefer direct measurement of left atrial 
pressures with a catheter left in place after 


. bypass. This catheter can be removed without 


difficulty on the third or fourth postoperative 
day, and bleeding after removal has not beena 


problem. i 


The monitoring of temperature also is essen- 
tial. A probe thermistor placed ` in the 
nasopharynx or oropharynx provides a more 
reliable guide to the temperature of the brain 
than do rectal and esophageal thermometers. 
Aortic blood temperature is usually measured 
if the temperature probe is placed in the 
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esophagus. Since the recent advent of hypo- 
thermic cardioplegic solutions, we have been 
utilizing needle thermistor probes to moni- 
tor myocardial temperature. 


Special Problems and Techniques 


Protection of Myocardium 

during Ischemic Cardiac Arrest 

During open-heart operations with cardiopul- 
monary bypass, ischemic arrest is often used as 
a convenient way to provide the surgeon with a 
nonbleeding, bloodless, relaxed heart. Never- 
theless, ischemic cardiac arrest may initiate 
deleterious cellular changes that can lead to ir- 
reversible cell damage. The suggestion that this 
damage might be reduced by specially formu- 
lated solutions has attracted considerable at- 
tention recently. 

Composition of these solutions may vary 
widely, but the basic ingredients are similar. 
They include agents that can cause diastolic ar- 
rest (cardioplegia) rapidly, and they can contain 
some protective agents to combat one or more 
deleterious effects of ischemia [23]. For exam- 
ple, hyperosmolar agents have been used to 
counteract cell swelling, 6-blocking drugs to 
reduce cellular energy demands, glucose to en- 
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hance cellular energy production, and steroids 
to stabilize the cell membrane [19]. The length 
of the interval from beginning of ischemia to 
irreversible damage is determined by energy- 
rich phosphates. Apparently, coronary perfu- 
sion with hypothermic solutions or solutions 
containing high concentrations of potassium 
chloride, which induce arrest without exces- 
sively depleting myocardial adenosine triphos- 
phate, protect the heart during such periods 
and enable the myocardium to respond better at 
the end of ischemic cardiac arrest [18]. How- 
ever, little is understood presently about the 
mechanisms involved in both protection and 
damage. 

In our institution, cardioplegia is established 
when multiple aortocoronary bypass grafts are 
required. We employ either of two cardioplegic 
solutions (Table), which are stored at 4°C until 
use. After initiation of bypass, sites of distal 
graft anastomosis are found and marked by dis- 
secting epicardial fat from those segments of 
the vessel, because later the presence of a clear 
cardioplegic solution in the coronary artery will 
make their recognition difficult. Once the sites 
for anastomosis are located, the aorta is cross- 
clamped and infusion of cardioplegic solution 
through a needle inserted proximal to the aortic 
cross-clamp is begun. 

In order to obtain rapid cessation of elec- 
tromechanical activity, preferably without a 
phase of ventricular fibrillation, the solution is 
infused under moderate pressure by one of the 
coronary artery perfusion pumps on the bypass 
machine. Blanching of the myocardium and 
then arrest of the heart in diastole occur. If all 
distal graft anastomoses are done before the 
proximal ones, infusion of additional cardio- 
plegic solution is repeated after each anas- 
tomosis. The volume of solutions is estimated 
at 150 ml/m?/min for about 2 minutes or 10 ml 
per kilogram of the total dose. At the end of 
infusion, the temperature of the myocardium 
should be near 20°C. 

During the period of myocardial ischemia, 
measures such as placement of cold saline in the 
pericardial sac and reduction of perfusate in the 
heart-lung machine to the range of 22° to 25°C 
can reduce the temperature gradient between 
the myocardium and its surroundings. This 


Two Cardioplegic Solutions® 


SOLUTIOM ONE 


Ringer’s injection 700 ml 
Salt-poor albumin 12.5 gm 
Sodium bicarbonate 35 mEq 
Potassium chloride 30 mEq 
50% dextrose in water 12 ml 
Sterile water for injection, qs to 1,000 ml 
SOLUTION TWO 

Sodium crloride 5.26 gm 
Sodium g¢-uconate 5.02 gm 
Sodium acetate -3H,O 3.68 gm 
Potassiu:r chloride 370 mg 
Magnesium chloride 300 mg 
Potassium acetate 1.96 gm 
Calcium caloride -2H,O 100 mg 
Sodium bicarbonate 1.134 gm 
Heparin sodium USP, 1,090 U/ml 2.5 ml 
H,O for ir-ection to make approx. 1,000 ml 


*The approximate pH of each solution is 7.7. Each solution 
is stored at =°C until it is used. 


helps to maintain the desired degree of hypo- 
thermia.* 


Circulatory Care 

Proper intraoperative anesthetic management 
of a patieni with ischemic heart disease dictates 
careful regulation of hemodynamics. Patients 
can have a certain degree of heart failure related 
to coronary artery disease, and the heart could 
have been performing on a depressed Frank- 
Starling curve (Fig 2). In the clinical setting, 
cardiac fai_ure traditionally is treated by ad- 
ministration of inotropic drugs to increase the 
contractile -orce and diuretics to increase the 
excretion o2 salt and water. Mild congestive 
heart failure responds satisfactorily to this ther- 
apy, but the conventional measures may be in- 
adequate if -he failure is more severe. In recent 
years it has been recognized that pharmacologi- 
cally induced peripheral vasodilation can shift 
the functior. curve upward and to the left (see 
Fig 2), relieving the signs of both circulatory 
congestion znd low cardiac output. Improve- 
ment of pur:p performance produced by vaso- 


*Devioo RAE: F2rsonal communication, 1978. 
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LVFP 


Fig 2. Frank-Starling left ventricular function curve. 
(LVFP = left ventricular filling pressure; SV = stroke 
volume.) A depressed curve can be shifted to the ieft by 
the administration of inotropic drugs (I) or vasodilator 
drugs (V). Effects would be complementary if the drugs 
were infused together (V + I). Diuretics (D) reduce fill- 
ing pressure (F) without increasing output. Stroke vol- 
ume can rise later (dashed line), probably because of 
gradual improvement of ventricular function. (From 
Cohn and Franciosa [3]. Reprinted, by permission, from 
The New England Journal of Medicine 297:27, 1977.) 


dilator drugs is often accompanied by reduc- 
tion of MVO, [3]. (Arterial vasodilation reduces 
afterload and decreases the tension generated 
in the left ventricle. Venous vasodilation causes 
pooling of blood, which decreases venous re- 
turn [preload] and LVEDP, thus reducing 
MVO,.) Conversely, an inotropic drug in- 
creases arterial pressure and the velocity of fiber 
shortening and increases MVQO,. The metabolic 
consequences of these two forms of therapy 
carry great importance for patients with isch- 
emic heart disease. 

A lightly anesthetized patient, especially a 
patient receiving morphine as an anesthetic, 
may have an increase of blood pressure or heart 
rate and of MVO». Also, hypertension not in- 
frequently develops after aortocoronary bypass 
grafting procedures, possibly because of re- 
flexes originating from the heart or great ves- 
sels, or both [14]. In these circumstances phar- 
macological vasodilation may be needed.. 

The drugs most commonly used for this pur- 
pose are sodium nitroprusside and nitroglyc- 
erin. We administer nitroprusside intravenously 
in a concentration of 50 mg per 250 ml of 5% dex- 


£ 


trose in water. The agent is extremely potent, 
and its action is rapid but brief. One drawback 
is its potential for cyanide toxicity with over- 
dosage. Nitroprusside reduces arterial imped- 
ance and causes some venous pooling [3]. 
When left ventricular function is severely im- 
paired, response to the drug can include a rise 
in cardiac output. In normal persons, lowering 
the blood pressure with sodium nitroprusside 
increases the heart rate; yet in heart failure it 
usually does not alter the rate significantly— 
indeed, the rate actually may decrease. Pulmo- 
nary vascular resistance also decreases with ni- 
troprusside infusion. 

Nitroglycerin is remarkably effective for an- 
gina pectoris. It reduces MVO, by dilating ve- 
nous capacitance vessels, thereby reducing ve- 
nous return and producing a sharp fall in 
cardiac filling pressure (preload) and pulmo- 
nary arterial pressure [3]. It has long been used 
as a sublingual medication, but its intravenous 
form is relatively new and is not commercially 
available. The intravenous route has advan- 
tages, such as easy reversal and control of the 
dose. Nitroglycerin has no cyanide toxicity. The 
solution must be prepared under sterile condi- 
tions: 8 mg of nitroglycerin is dissolved in 250 
ml of dextrose in water, resulting in a concen- 
tration of 32 ug per milliliter. A reasonable 
standing dosage is 1.0 wg/kg/min. Although ni- 
troglycerin and nitroprusside produce basically 
similar hemodynamic effects, nitroglycerin can 
reduce ischemic injury, partly by increasing 
perfusion of ischemic areas. On the other hand, 
nitroprusside can worsen ischemic injury, in 
part by reducing regional perfusion. Therefore, 
nitroglycerin seems preferable to nitroprusside 
for reducing preload and afterload in patients 
during the early phase of acute myocardial in- 
farction [2]. This experimental evidence seems 
immediately applicable in the operating room. 

The other drug used for vasodilator therapy is 
phentolamine. This blocks a-adrenergic recep- 
tors and has a predominant effect on the arterial 
vascular bed, yet it produces more prominent 
tachycardia than nitroprusside. Because of this 
effect and the cost of continuous infusion of this 
drug, it has not achieved wide use in treatment 
for severe heart failure [3]. 

The heart with impaired function (pump fail- 
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ure) can require pharmacological inotropic 
support. All known positive inotropic sub- 
stances increase MVO, by increasing preload 
and afterload, or both, as well as by increasing 
contractility and heart rate. Epinephrine (0.02 
to 0.04 zg/kg/min) is often helpful. Dopamine, a 
norepinephrine precursor, increases cardiac 
output by augmenting stroke volume with 
somewhat less effect on heart rate than epi- 
nephrine. This agent also decreases renal vas- 
cular resistance and increases renal blood flow 
and sodium excretion [43]. We prepare 200 to 
400 mg of dopamine in 250 ml of 5% glucose in 
water and infuse it intravenously in doses of 5 
to 20 yg/kg/min. 

A relatively new inotropic agent is 
dobutamine, a derivative of dopamine. It has 
been reported to have less arrhythmogenicity 
and less chronotropic effect than isoproterenol, 
yet it has a potent inotropic effect. In a clinical 
study, a dose of 10 yg/kg/min increased cardiac 
output by 27% with little increase in heart rate 
during emergence from bypass; and few ar- 
rhythmias were noted [49]. 

Since potent inotropic agents may increase 
cardiac output—but often at the expense of in- 
creased MVO.—and since vasodilator therapy 
reduces elevated left ventricular filling pressure 
and MVO, and augments cardiac output [3], the 
combination of dobutamine or dopamine with 
a vasodilator in cases of refractory congestive 
heart failure may produce better ventricular 
performance than is obtained with either vaso- 
dilators or inotropic agents alone. It is possible 
to titrate the vasodilators to produce maximum 
tolerated reduction of impedance while ino- 
tropic drugs are titrated to effect optimal cardiac 
stimulation (see Fig 2). In contrast to iso- 
proterenol, an inotropic-vascdilator drug com- 
bination usually does not increase heart rate [3]. 
Combined dopamine and nitroprusside treat- 
ment raises the cardiac index considerably 
while reducing elevated LVEDP, and it pro- 
vides a useful pharmacological modality for 
treatment of severe congestive heart failure [38]. 

In the absence of specific contraindications, 
- cardiac glycosides also can be given to patients 
with postoperative low cardiac output. Digoxin 
is our choice because of its rapid effect and rel- 
atively short biological half-life. The digitaliz- 


ing dese is estimated to be 0.9 mg per square 
meter 3: body surface area. Initially, one-half of 
the estimated total dose is administered intra- 
venously; and then one-fourth or one-eighth is 
added intravenously every 1 to 2 hours during 
continudus electrocardiographic monitoring, 
until the desired effect is obtained or adverse 
effects appear. A maintenance dose of ap- 
proximately one-eighth of the digitalizing dose 
is giver. daily, beginning on the day after dig- 
italization has been achieved. 

Usualy, however, patients have been dig- 
italizec previously; and in this situation, re- 
digitalization must be monitored with deter- 
minations of the level of digitalis in the blood. 

Calcium chloride is commonly administered 
intraver5usly as an inotropic agent in critically 
ill patierts, yet reports on its effectiveness have 
been cor.troversial [9]. Clinically, an increase of 
blood pzessure is often seen after intravenous 
administration. In a comparative study of three 
calcium salts, plasma ionic calcium was higher 
after caldum chloride administration than after 
adminis-ration of either gluconate or gluceptate 
salts [50_ 


Intraaorttc Balloon Assist 

Undoub‘edly, the duration of cardiopulmonary 
bypass and induced myocardial ischemia is re- 
lated to the possibility of maintaining cardiac 
output afer operation. Studies have shown that 
cardiopulmonary bypass for more than 1 hour 
increasec the ratio of perioperative infarcts sig- 
nificantly [32]. In some instances extracorporeal 
circulation cannot be terminated because of in- 
adequate myocardial performance and im- 
paired ccronary blood flow. If other methods 
to suppc-t hemodynamics fail, an intraaortic 
balloon assist (IABA) technique can be em- 
ployed fer circulatory support. Its use during 
the preoperative and immediate postoperative 
period ż¢ support the failing circulation is 
sometimes lifesaving. The usual pharmacologi- 
cal agents employed in treatment for intraoper- 
ative and postoperative cardiogenic shock are 
vasopressors and inotropic drugs; but these 
drugs increase myocardial O, requirements 
during a time when total O, availability and 
delivery may be decreased. IABA lowers myo- 
cardial Oz requirements [22] by reducing sys- 
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tolic blood pressure and thus reducing left ven- 
tricular work. At the same time, it increases the 
diastolic pressure, thus increasing coronary 
blood flow and achieving greater O; availability 
[22]: 

The insertion of the balloon during extracor- 
poreal circulation is a simple procedure. A Da- 
cron or Teflon graft is sutured to the common 
femoral artery. The balloon is inserted into the 
thoracic aorta distal to the origin of the left 
subclavian artery. When counterpulsation is 
begun, extracorporeal circulation is discon- 
tinued gradually. Since placement of an in- 
traaortic balloon does not require systemic anti- 
coagulation, heparin given for extracorporeal 
circulation can be neutralized with protamine. 
Circulatory assistance is maintained for 24 to 72 
hours after the operation and then is gradually 
decreased in such a way that the ratio of balloon 
inflations to heart beats is reduced from 1:1 to 
1:2 to 1:4 and finally to 1:8. When the patient 
can maintain satisfactory blood pressure for 12 
hours, the balloon is removed. 

We now also apply IABA to patients with un- 
stable hemodynamics before emergency coro- 
nary arteriography or left ventriculography [5], 
often proceeding then with aortocoronary 
bypass graft operation. Induction and mainte- 
nance of anesthesia in these patients has been 
relatively well tolerated. After the operation has 
been completed, IABA can be continued into 
the postoperative period. 

An alternative method for anesthetic man- 
agement of a patient with unstable hemo- 
dynamics is to establish extracorporeal cir- 
culation before induction of anesthesia. The 
femoral artery and veins can be cannulated 
under local anesthesia and connected to the 
oxygenator (Fig 3); then bypass can be started if 
the circulation fails [7]. 


Arrhythmias 

Arrhythmias occur in many patients, even with 
good management. In general, slow supraven- 
tricular rhythms—such as atrial rhythm, atrio- 
ventricular junctional rhythm, and: wander- 
ing pacemaker—are benign and do not require 
any treatment [28]. Yet some of them can be 
deleterious to myocardial performance, and 
they can be warning signals of the development 
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Fig 3. Cannulation of femoral veins and artery (estab- 
lished under local anesthesia). Note the position of the 
cannulas in the femoral veins. In some patients, can- 
nulation of one femoral vein can provide sufficient ve- 
nous return to the oxygenator to keep the flow at 2 
Liminim?. (From Danielson GK, Hasbrouck JD, 

Bryant LR: Cannulation under local or regional anes- 
thesia for the “salvage” cardiac patient. J] Thorac Car- 
diovase Surg 55:864—872, 1968.) 


of more serious problems. For example, an epi- 
sode of ventricular extrasystoles or bigeminy 
may presage ventricular tachycardia and fi- 
brillation. Therefore, ventricular arrhythmia 
should be considered a sign of serious de- 
rangement until proved otherwise. 

The mechanism of myocardial excitation is 
complex, but factors that cause ectopic ac- 
tivity during and after operation are’ under- 
stood fairly well. These include myocardial 
ischemia, hypoxemia, alterations in serum 
potassium concentration, and high blood con- 
centration of certain drugs such as digitalis. 

Before antiarrhythmic therapy is undertaken, 
the ‘type of arrhythmia should. be identified. 
Then its cause should be determined and dealt 
with—by restoring acid-base balance, for 
example, or correcting low total-body potas- 
sium by intravenous infusion of potassium 
chloride. Deficient release and activity of insu- 
lin during and after extracorporeal circulation 


386 The Annals of Thoracic Surgery Vol 27 No 4 April 1979 


can contribute to the failure of potassium and 
glucose uptake by all cells. Administration of 
insulin, potassium, and glucose might improve 
tissue perfusion and correct the arrhythmia. In- 
sulin probably enhances the entry of glucose 
„and potassium into the myocardial cell [40]. 

Another specific method of treating ar- 
rhythmias is cardiac pacing [6], with temporary 
epicardial electrodes placed during the opera- 
tion. The heart should be paced at a rate suffi- 
cient to suppress ectopic beats and to correct 
bradycardia. For atrial fibrillation and heart 
block, wires are carried externally anterior to 
the sternum [36] and are attached to an external 
temporary pacemaker. Care must be taken with 
electrocautery because current can be induced 
in the wires and cause ventricular fibrillation. 

One of the safest and most widely used an- 
tiarrhythmic agents is lidocaine. Presently the 
drug is administered as treatment for ventricu- 
lar tachycardia and for frequent or multiform 
premature ventricular beats. Its use is indicated 
if the number of uniform premature ventricular 
beats exceeds five per minute in the presence of 
multiform premature ventricular beats and 
R-on-T wave premature ventricular beats. The 
drug is not administered for atrial arrhythmias 
because it is generally not effective. 

Lidocaine can be given in intermittent intra- 
venous doses as a bolus of 100 mg. Since the 
half-life of blood levels that produce therapeutic 
action after a single injection is 12 to 15 minutes 
[16], infusion of lidocaine—usually in the range 
of 2 to 4 mg per minute—should be started 
simultaneously. This will maintain the blood 


levels within the therapeutic range [16]. Digi- 


talis is both a potential cause of and a treatment 
for arrhythmias during anesthesia. Digitalis 
toxicosis can develop during operation in pa- 
tients who have been on a regimen of digitalis 
for long periods. This čan be due to a decrease 
in the usual rate of renal excretion or to changes 
in the body fluid and electrolyte composition 
that alter the action of digitalis [28]. Digitalis 
overdosage can produce almost any kind of car- 
diac arrhythmia. Therefore, when arrhythmias 


occur in patients on a regimen of digitalis, tox-.. 
icosis should be suspected. If there is doubt, 


the serum digoxin level should be determined 


at leas- 6 hours after the last dose of the drug. 
Levels above 2.0 ng per milliliter indicate a 
need for caution. Toxicosis can be treated by 
withholding the digitalis and administering 
potassrarr. salts or, in some instances, antiar- 
rhythmic drugs, especially diphenylhydantoin. 
On the other hand, digitalis can be used to cor- 
rect acute rapid supraventricular arrhythmias, 
such as atrial tachycardia, flutter, or fibrillation. 
The primery action of digitalis in these ar- 
rhythmias is to slow the ventricular rate by de- 
pressing a:rioventricular conduction. Digitalis 
may coriwve-t any of these arrhythmias to sinus 
rhythm [28]. 

The £-adrenergic blocking agent propranolol 
slows or terminates tachyarrhythmias caused 
by an excess of circulating catecholamines 
or increased sympathetic tone. The drug 
lengthens the refractory period of the atrioven- 
tricular node and prolongs atrioventricular con- 
duction t.m2. It slows the ventricular rate in 
patients wita atrial fibrillation or flutter when 
it cannot be controlled by digitalis. Propranolol 
is also eftective in treating digitalis-induced 
tachyarrhythmias of supraventricular or ven- 
tricular origin. It is given in 0.25-mg increments 
as needed to a total dose of 2.0 to 3.0 mg. The 
drug is potent and should be used with caution 
because it can cause bradycardia and myocar- 
dial depressicn. Isoproterenol can be employed 
to counteract -he B-adrenergic blockade. A large 
dose usually is needed to overcome myocardial 
depression or bradycardia (or both). Atropine 
may be helpful for the bradycardia caused 
by propranolol [10]. Atrioventricular block, 
bradycardia, pulmonary hypertension, ad- 
vanced carciaz failure, and bronchial asthma 
are definite contraindications to the use of 
propranolol. 


Postoperative Respiratory Care 

Patients who have undergone aortocoronary 
bypass gratt_ng often remain intubated (over- 
night) for several hours. Recent publications 
have emphasized the value of controlled earlier 
extubation aster an uncomplicated procedure of 
this type [31_ Cccasionally, tracheal intubation 
may be exterded to 48 to 72 hours. The endo- 
tracheal tube generally is well tolerated, al- 
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though sedation may be necessary. A drug such 
as diazepam (2.5 to 5 mg administered intrave- 
nously) is usually sufficient. 

If narcotic analgesics have been administered 
during operation, emergence from anesthesia 
can be slow and respiration can be depressed. It 
may be difficult to determine whether the unre- 
sponsiveness is due to the narcotic, to air em- 
bolism of the central nervous system, or to 
inadequate cerebral perfusion during extracor- 
poreal circulation. Narcan (naloxone), a narcotic 
antagonist, is useful in determining the reason 
for unresponsiveness. If it is narcotic-related, 
the patient usually can be aroused by intrave- 
nous administration of 0.5 to 1.0 ml (0.2 to 0.4 
mg) of naloxone. 

Controlled ventilation should be discon- 
tinued when the patient is hemodynamically 
stable and reasonably responsive after opera- 
tion. The patient can be weaned from the respi- 
rator if he is alert and has no neurological def- 
icit, if the chest is clear, and if arterial blood 
gases are satisfactory (pH, 7.35 to 7.50; PaCO,, 
<45 torr; PaO, >70 torr; FrO,, <0.4). Respi- 
ratory adequacy also can be predicted reason- 
ably well if vital capacity is greater than 15 ml 
per kilogram and maximum inspiratory force is 
greater than 28 cm H-O. If these criteria are met, 
a T-piece adapter should be connected to the 
endotracheal tube, and the patient should 
breathe spontaneously (at FrO, = 0.4) while 
being observed for respiratory rate and tidal 
volume. If the arterial blood gas values remain 
stable, the patient can be extubated [20]. If ar- 
rhythmias, tachycardia, cyanosis, or agitation 
develops, or if the blood gas status deteriorates, 
the patient should be reconnected to the ven- 
tilator. As time passes, failure to wean the pa- 
tient according to these steps becomes increas- 
ingly indicative of a cardiac or pulmonary dis- 
order, which should be assessed. Evaluation of 
the patient’s status can be made by clinical and 
radiological examinations and may include use 
of a Swan-Ganz catheter for pressure mea- 
surements and cardiac-output determinations. 
These data can help in the decision on a proper 
therapeutic plan, such as a different ventilator 
strategy, diuresis, or treatment for poor cardiac 
function [20]. 


After the patient is extubated, a face mask 
should be applied and the patient should 
breathe 30 to 40% Oz. 
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CORRESPONDENCE 


Traumatic Aortic Rupture 


To the Editor: 


Drs. Mcliduff, Foster, and Alley should be com- 
mended on their astute observation that the 
roentgenographic image of a nasogastric tube may be 
displaced to the right by the mediastinal hematoma 
produced by aortic disruption (Ann Thorac Surg 
24:77, 1977). However, before this roentgenographic 
phenomenon can be accepted as a reliable indicator 
of traumatic aortic rupture, two questions must be 
answered. How frequently does displacement of the 
esophagus (nasogastric tube) occur in a series of pa- 
tients with traumatic aortic rupture? How frequently 
is esophageal (nasogastric tube) displacement ob- 
served in patients who incur blunt thoracic trauma 
but do not suffer aortic rupture? 

Indirect answers to these questions can be inferred 
from existing data. The roentgenographic finding of 
displacement of the nasogastric tube is probably a 
reflection of a previously described sign of aortic 
rupture—increased thickness of the right para- 
esophageal strip. If this assumption is correct, 
then this roentgenographic indication should be use- 
ful since increased thickness of the right para- 
esophageal strip was noted in 2 of 5 patients 
with aortic rupture but in none of 40 patients who 
suffered blunt thoracic trauma without aortic rupture 
[2]. Perhaps increased thickness of the right para- 


esophageal strip would have been more easily 


appreciated if a nasogastric tube had been in place at 
the time of the initial chest roentgenogram to outline 
the course of the esophagus. 

One patient in the Saint Paul-Ramsey Hospital se- 
ries [1] demonstrated marked displacement of the 
nasogastric tube on initial chest roentgenogram (Fig- 
ure). As the Figure indicates, many of the other signs 
of traumatic aortic rupture were also present. 

Roentgenographic evidence of nasogastric tube 


Chest roentgenogram of a patient with traumatic rup- 
ture of the thoracic aorta demonstrates displacement to 
the right (arrow) of the roentgenographic image of a 
nasogastric tube. 
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displacement in a patient who has suffered blunt 
thoracic wauma should alert the surgeon to look for 
other rcentgenographic signs of aortic rupture. If 
such dis=lacement is found, it is helpful in diagnos- 
ing aorti- rupture; its absence is not noteworthy. 


James Sturn, M.D. 
3561 Radeeff Rd 
Cleveland. OH 44121 
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LV Wall Eupture 


To the Eccor: 


We enjoyed the very informative article “Intraopera- 
tive Poster.«r Left Ventricular Wall Rupture Asso- 
ciated with Mitral Valve Replacement” by Wolpowitz 
and co-worers (Ann Thorac Surg 25:551, 1978). 

In our practice in cardiac surgery, we have had two 
episodes of wall rupture. One was fatal and was re- 
lated to sepacation of the atrioventricular sulcus fol- 
lowing debrtliement of a heavily calcified mitral an- 
nulus, as tre authors described. The other was 
caused by 2 -prong of the Hancock prosthesis per- 
forating the =sterior wall of the ventricle. The perfo- 
ration occurred just as the valve was being seated. 
The anterior portion of the valve corresponding to 
the anterior E=flet of the mitral valve was seated first. 
Then the pcs erior portion of the valve was seated. 
At that time it was pushed through the wall of the 
ventricle. Thet this had happened was recognized 
because exten:ive bleeding occurred after the patient 
came off cara-spulmonary bypass. With reinstitution 
of bypass and visualization of the posterior wall and 
the ventricle, the prong was noted to have perfo- 
rated. This was easily repaired, and the patient sur- 
vived. 

It is now cur policy to position the prongs of a 
Hancock prostnesis in such a way that they do not 
come in contac: with the ventricular muscle. I believe 
this will eliminate the problem. Again, we con- 
gratulate the authors on a timely review. 


Steven J. Pkiltp:, M.D. 
Robert H. Zeff. M.D. 
Cham Kongtahworn, M.D. 


1047 5th Ave 
Des Moines, IA 50314 


391 Correspondence 


Invasive Thymic Tumors 


To the Editor: 

It is impossible not to be dismayed that three papers 
such as those by N. P. Bergh and co-workers (Ann 
Thorac Surg 25:91, 99, 107, 1978) should have been 
published as the lead articles in a reputable journal. 
They express a surgical aggressiveness gone wild; 
many surgeons in training may see publication in 
The Annals as the stamp of legitimacy for these views. 
I take issue with the philosophy that invasive thymic 
tumors should be aggressively excised in every in- 
stance. The following statements seem notable for 
their lack of critical analysis: 


On thymomas (p 97): “This experience clearly 
shows the value of an aggressive surgical approach 
even in cases involving pleural metastasis.” Did the 
authors treat a concurrent group by biopsy and non- 
surgical therapy? No; and nothing has been “clearly” 
shown [1]. 

On Hodgkin's disease (p 106): “The good results in 
the present series may be due to our very aggressive 
surgical approach, with extirpation of all tumor tis- 
sue, extensive excision of surrounding tissues and 
adjacent lymph nodes, and adequate postoperative 
radiotherapy.” Very much larger cooperative studies 
have made it plain that Hodgkin’s disease amenable 
to surgical “extirpation of all tumor tissue” can be 
routinely controlled by nonsurgical means, and there 
were 3 clearly surgical deaths in this group (p 101). 

On germ cell tumors (p 110): “The prognosis after 
radical treatment and radiotherapy seems good in 
patients with this type of tumor [seminoma],... .” 
Of all visceral malignancies, seminoma is the most 
responsive to radiotherapy. However, of 2 patients 
with seminoma, 1 “died during the operation from 
uncontrollable bleeding” (p 109). 


How many patients may die as a result of the dis- 
semination of these uncritical and unreasonably 
radical presentations is difficult to guess. For the 
sake of their patients, surgeons must learn to work 
closely with their colleagues in radiotherapy and 
medical oncology. We have been too much imbued 
with the idea that surgical excision for cancer is the 
sole therapeutic modality worth talking about. Never 
have articles expressed this idea so baldly. 


John A. Meyer, M.D. 


Department of Surgery 

State University of New York 
Upstate Medical Center 

750 E Adams St 

Syracuse, NY 13210 
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Reply 
To the Editor: 


Having read Dr. Meyer's emotional letter, we wish to 
make the following comments: 


We did not state that invasive thymic tumors 
should be treated by operation alone in all instances. 
On the contrary, we emphasized the necessity of 


_combined treatment with extirpation and radiother- 


apy. However, we believe a surgical approach cer- 
tainly has a legitimate place in the treatment of these 
patients. Tumors should be removed when radical 
operation is possible with respect to tumor spread 
and risks. In patients with very advanced invasive 
tumors that cannot be removed completely, the re- 
sults of operation are poor, as we pointed out. 
Whether a tumor can be extirpated may be difficult to 
determine and should be decided by an experienced 
surgeon. Preoperative irradiation may be useful in 
patients with very advanced tumors. In our series 
nonradical resection was performed in only 4 out of 
43 patients. 

Pleural metastases from thymomias are not a con- 
traindication to extirpation. Most of them are easy to 
remove completely and do not increase the operative 
risk. 

As regards the article on Hodgkin’s disease, it 
deals with Hodgkin's disease of the thymus, a fact 
which Dr. Meyer does not seem to have recognized. 
This tumor location seems to be a special entity of 
Hodgkin’s disease. These large nodular sclerosing 
tumors are very difficult to distinguish from thy- 
momas even microscopically, and in our series 6 
out of 17 tumors had originally been misinterpreted 
histologically. Combined surgical treatment and ra- 
diotherapy gave excellent results with respect to 
long-term survival and quality of life, without the 
need for distressing supplementary chemotherapy. 

Hodgkin’s disease of the thymus should, in our 
opinion, be treated in the same way as invasive 
thymomas. Nonradical resection has a poor prog- 
nosis, as indicated by the operative mortality in our 
series. Preoperative irradiation may be useful in 
patients with high risk of nonradical resection. To 
the best of our knowledge, there is no study on dif- 
ferent methods of treatment of this special form of 
Hodgkin’s disease. All our patients were managed in 
close collaboration with our colleagues at the de- 
partments of radiotherapy and medical oncology. 

As far as malignant teratoma is concerned, the 
prognosis is very poor regardless of the type of ther- 
apy given. However, for some types of malignant 
teratomas, like seminoma, the prognosis may be 
good after extirpation. In our series, the diagnosis 
was established at thoracotomy and the tumors were 
deemed removable. A golden rule of tumor opera- 
tions is to perform extirpation biopsy whenever pos- 
sible, not merely excision biopsy with the risk of 
tumor cell spread. 
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The mortality figures in our series include all 
deaths occurring from any complication that could be 
attributed to the operation or radiotherapy or both 
during a 20-year period. No time limit was applied. 
Thus deaths up to 5 months after treatment were in- 
cluded. The operative risks are very low today, 
thanks to advances in thoracic surgery, anesthesia, 
and postoperative care. On the other hand, the risks 
and side effects of nonsurgical therapy have often 
been overlooked. We believe that good collaboration 
between surgeons and other cancer specialists is es- 
sential. 

After seeing Dr. Meyer's criticism, the senior au- 
thor (N. P. B.) commented: “I remember that many, 
many years ago I asked my teacher what philology 
was. He answered: ‘it is the study of the written 
word, and that, my boy, is not easy.’” 


Nils P. Bergh, M.D. 
Pantalei Gatzinsky, M.D. 
Sture Larsson, M.D. 


Department of Thoracic Surgery 
Sahlgren's Hospital 

University of Gothenburg 
Sweden 


Perfusion during AVR 
To the Editor: 


Doctors Cukingnan and Carey’s article, “Nor- 
mothermic Coronary Perfusion during Aortic Valve 
Replacement” (Ann Thorac Surg 25:215, 1978), is cer- 


tainly of interest to surgeons who use this technique’ 


for aortic valve replacement and multiple-valve re- 
placement. We at the University of New Mexico 
School of Medicine continue to be very satisfied with 
the technique of coronary perfusion and have had a 


very low incidence of complications. We believe, 
however that some of the technical problems en- 
countere-I in coronary perfusion can be alleviated in 
a significant number of patients. 

In the series reported, 14 patients had a low total 
coronary flow and 3 patients had a perfusion pres- 
sure of more than 120 mm Hg. This pressure level 
was considered excessive. Total flow and perfusion 
pressure are closely related. Unfortunately, the per- 
fusicn pressure as measured by most surgical teams 
and by us (measuring the line pressure past the 
pump head and proximal to the coronary perfusion 
cannula) is not an adequate reflection of the actual 
perfusiom pressure of the coronary arteries. In our 
experience, we find a very significant pressure gra- 
dient across the connectors and the coronary perfu- 
sion cannulas themselves, especially when smaller 
sizes have to be used. Gradients of 100 to 150 mm Hg 
are nct ancommon. Measuring the gradient across 
the particular type and size of coronary cannula at a 
specifiec flow rate is simple, takes only a few sec- 
onds, arcl, we believe, is very helpful in setting up 
the pressure limits. It is done simply by checking the 
line pressure, after establishing the desired flow rate, 
while the cannula is held freely in the pericardium. 
These pressure gradients should be taken into con- 
sidezaticn. Consequenily, we do not hesitate to go to 
a pressure of 75 mm Hg above the predetermined 
gradient across the particular cannula in order to 
achieve he desired flow. By following this protocol, 
we r.ow very rarely fail to achieve a satisfactory flow. 

We beieve that careful attention to these details is 
essential to the successful utilization of coronary 
perfusion. 


Bechara =. Akl, M.D. 


Division of Cardiovascular and Thoracic Surgery 
The University of New Mexico School of Medicine 
2211 Lon as Blvd, NE 

Albuquerque, NM 87131 


REVIEW OF RECENT BOOKS 


Respiratory Distress Syndrome of Shock and 
Trauma: Post-Traumatic Respiratory Failure 
By F. William Blaisdell, M.D., and 

Frank R. Lewis, Jr., M.D. 

W. B. Saunders Co, Philadelphia, 1977 

237 pp, $15.00 


Reviewed by Timothy Takaro, M.D. 


This small volume entitled Respiratory Distress Syn- 
drome of Shock and Trauma by Blaisdell and Lewis is 
an excellent summation of past and current thinking 
in the field of posttraumatic respiratory failure. The 
senior author is especially qualified to write such a 
book because of his long personal interest in and 
intensive study of this condition. His efforts to eluci- 
date the pathogenesis of “shock lung” are well rec- 
ognized. 

The authors focus attention on posttraumatic res- 
piratory failure in a systematic way. After a brief his- 
torical review, they describe what the respiratory 
distress syndrome is not and what it must be distin- 
guished from. Then they present the clinical and 
pathological characterization of the syndrome. I was 
disappointed with the photomicrographs in this sec- 
tion of the book, particularly because they are excel- 
lent in other parts. 

Perhaps most interesting is the discussion on the 
etiology of the disease. The authors present the ear- 
lier hypotheses and give the evidence for and against 
each. They believe that the most tenable pathogene- 
tic mechanism causing respiratory distress syndrome 
is thromboembolism. This decision is based in part 
on convincing evidence from experiments on a shock 
model in the dog. The experiments produced regional 
ischemia of the lower half of the body. Platelet and 
fibrin aggregates were found in the microcirculation 
of the lungs, in association with atelectasis, pulmo- 
nary venous and capillary congestion, interstitial 
edema, and intraalveolar hemorrhage. This condi- 
tion was not seen when one lung was protected from 
venous return from the ischemic region or when the 


venous return was filtered through the liver. Possible 
sources of microembolism may be multiple and in- 
clude blood transfusions, damaged tissue, platelet 
aggregates, and intravascular coagulation. When 
perfusion has been restored to ischemic areas, pre- 
sumably accumulated metabolic products, cell de- 
bris, fibrin platelet aggregates, and fibrinopeptides 
are flushed out and embolize to the lungs. The vari- 
ety of subsequent events, which may include re- 
gional bronchoconstriction, altered capillary per- 
meability, edema, hemorrhage, microinfarction, and 
arteriovenous shunting, are explained in part by the 
location, extent, and repetition of the microembolic 
process. These events are responsible for the result- 
ing severe pulmonary functional derangements con- 
sisting of increased respiratory dead space, de- 
creased arterial oxygen tension, decreased functional 
residual capacity, and decreased lung compliance. 

The second half of the volume covers the preven- 
tion and management of respiratory distress syn- 
drome in great and useful detail. There is an excellent 
review of the practical aspects of measuring lung 
function in sick patients. Preventive aspects include 
the treatment. of shock (using micropore-filtered 
banked blood when more than four or five units are 
anticipated), respiratory care, fixation of fractured 
bones, and debridement of devitalized tissue, as well 
as prevention of infection. Indications for the use of 
endotracheal intubation as opposed to tracheostomy 
and for drug therapy are described. Nutritional sup- 
port is not neglected. Techniques for monitoring in- 
dicators of cardiovascular and pulmonary function in 
sick patients are discussed in detail. The varieties of 
ventilators are illustrated and the differences ex- 
plained. The authors neglect no important aspect of 
management. 

This is, therefore, a useful book, bringing together 
an intelligent approach to the understanding of the 
pathogenesis of this important condition and the 
practical aspects of prevention and management. I 
recommend it without reservation. 


Asheville, NC 
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CONTINUING EDUCATION 


Meetings in North America, April-fS&eptember, 1979 


Basic Intensive Coronary Care (AHA), Cxrcinnati, OH, April 2-20 
Contact: Darla Bonham, Division of Scienicfic Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


Southwestern Surgical Congress, Las Vegas, NV, April 23-26 
Contact: J. A. Barney, M.D., 708 Physicians and Surgeons Bldg, Oklahoma City, OK 
73103 


American Association for Thoracic Surge-y, Boston, MA, April 30-May 2 
Contact: W. T. Maloney, 6 Beacon St, Suite 620, Boston, MA 02108 


American Lung Association, Las Vegas, NV, May 13-16 
Contact: C. R. Kiesewetter, 1740 Broadwiy, New York, NY 10019 


American Thoracic Society, Las Vegas, XV, May 13-16 
Contact: S. R. lannotta, 1740 Broadwav. New York, NY 10019 


Association for the Advancement of Mecical Instrumentation, Las Vegas, NV, May 
20—24 
Contact: AAMI, 1901 N Ft Myer Dr, Swt 602, Arlington, VA 22209 


Coronary Atherosclerotic Heart Disease, sponsored by AHA Council on Clinical 
Cardiology, Atlanta, GA, May 21-24 

Contact: Darla Bonham, Division of Sciertific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


Contemporary Therapy of Cardiovascuer Disease, sponsored by AHA Council on 
Clinical Cardiology, Brainerd, MN, May 31-June 3 


-` Contact: Darla Bonham, Division of Scier tific Affairs, American Heart Association, 7320 


Greenville Ave, Dallas, TX 75231 


Imaging of the Heart: Today and Toma-row (AHA), Boston, MA, June 6 
Contact: Darla Bonham, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


“Pacemakers in 1979 and Beyond,” pcs graduate course sponsored by the American 
College of Chest Physicians, White Haven, PA, June 28-30 

Contact: Dale E. Braddy, Director of Education, American College of Chest Physicians, 
911 Busse Hgwy, Park Ridge, IL 60068 


International College of Surgeons, Uni-ed States Section meeting, Swan Lake, NY, June 
30—July 4 
Contact: J. P. Quinn, 1516 N Lake Shore Dr, Chicago, IL 60610 


Meetings Outside North America, April—September, 1979 


Fleischner Society Annual Symposiurm on the Chest, Stockholm, Sweden, June 11-13 
Contact: Prof. B. Nordenstrém, Dept o Radiology, Karolinska Hospital, Stockholm, 
Sweden 


British Heart Foundation Symposium #n Non-Invasive Techniques in Cardiology, 
London, England, June 26-28 
Contact: Conference Services, Ltd, 42 Charles St, London W1, England 


Denton A. Cooley Cardiovascular Sursmal Society 6th Annual Scientific Meeting, Monte 
Carlo, Monaco, Sept 5-9 

Contact: Tri-City Travel, 2152 U.S. 1S South, ATTN: Dr. Javier Ruiz, Clearwater, FL 
33516 


SIXTEENTH ANNUAL MEETING OF 
THE SOCIETY OF THORACIC SURGEONS 


Atlanta, GA 
January 21-23, 1980 


The Sixteenth Annual Meeting of The Society of 
Thoracic Surgeons will be held at the Atlanta Hilton 
Hotel, Atlanta, GA, January 21-23, 1980. 


Application for Membership 
(Deadline: September 1, 1979) 
Requests for application forms for membership in 
The Society of Thoracic Surgeons should be ad- 
dressed to Quentin R. Stiles, M.D., Chairman, 
Membership Committee, The Society of Thoracic 
Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 
The completed application forms and supporting 
letters must be in the hands of the Membership 
Committee by September 1, 1979, for the applicant 
to be considered for election at the Atlanta meeting 
next January. 


Call for Abstracts—1980 Meeting 

(Deadline: August 31, 1979) 

Abstracts for papers to be presented at the 1980 an- 
nual meeting are now being accepted. The deadline 
for receipt of abstracts is August 31, 1979. An original 
and 9 copies should be submitted, using the official 
Society abstract form (on verso of this page), to L. 
Penfield Faber, M.D., Chairman, Program Commit- 
tee (Abstracts), The Society of Thoracic Surgeons, 111 
E Wacker Dr, Chicago, IL 60601. Additional forms 
are available upon request from the Society. 
Abstracts must summarize an original contribution 
not presented or submitted elsewhere. Abstracts re- 
ceived after the deadline will not be considered. It is 
requested that the covering letter indicate the author 
who is to receive notice of acceptance or rejection and 
the author who will present the paper. 

The Program Committee reserves the right to select 
papers for either regular or forum-type presentation; 
the author may also designate his preference for pre- 
sentation in the forum. Essayists are reminded that 
according to the by-laws of the Society, all papers 
accepted for presentation: (1) must be submitted in 
duplicate to the Secretary at the time of presentation 
or to the Editor of The Annals of Thoracic Surgery prior 
to presentation; and (2) become the property of the 
Society if they are accepted for publication, in which 
case they may not be published other than in The 
Annals of Thoracic Surgery. 

It is well recognized that abstracts frequently belie 
their content by virtue of poor organization, and as a 
result valuable contributions to the Scientific Ses- 
sions may be unrecognized. It is important that 
methods and results be clearly defined in the 
abstract; therefore, general statements such as “re- 
sults will be presented” are not acceptable. When a 
procedure or method is stated to have “advantages,” 
those advantages should be defined. Abstracts which 
simply summarize results without defining objec- 
tives and methods are equally undesirable. 

Speakers for accepted papers are limited to 10 


minutes except for forum presentations, which are 
restricted to 5 minutes. 


instructions for Abstracts 

The official abstract form printed on verso of this 
page and available from the Society, or photocopies 
thereof, must be used. Authors must categorize the 
principal subject of their abstract using the code at 
the side of the form, and insert the proper code in the 
box provided in the upper left corner of the form. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit ti- 
tles, degrees, and appointments. 

3. Abstracts must be typed double-spaced. 

4, When percentages are used, the absolute numbers 
of derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study 
being presented, with reference to the current 
state of research in the field. 

b. The methods of study or experimental ap- 
proach, clearly but briefly defined. 

c. Asummary of the results and/or conclusions of 
the study, including sufficient details to sup- 
port those conclusions. 

d. A statement concerning the significance of the 
work and its possible implications for future 
research; “results will be presented” is unac- 
ceptable. 


In discussion of papers, the Society encourages a 
healthy spirit of constructive critical review and re- 
buttal by comments pertinent to the content of the 
paper being presented. Presentation of discussion in 
the form of “secondary papers’’ will not be wel- 
comed. 


Call for Surgical Films 

(Deadline: August 31, 1979) 

The popular surgical movie program will again be 
presented at the Atlanta meeting. The Program 
Committee hereby solicits the submission of surgical 
films, which may portray a surgical procedure or 
simply a technical maneuver that the surgeon thinks 
will be of interest to the Society. The film may not 
exceed 10 minutes in length. Sound movies are ac- 
ceptable but not necessary, and live narration by the 
principal surgeon is a requirement for participation 
in the movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for submission 
of films is August 31, 1979. Films also should be sent 
to L. Penfield Faber, M.D., Chairman, Program 
Committee, at the Society office, 111 E Wacker Dr, 
Chicago, IL 60601. 


W. Gerald Rainer, M.D. 
Secretary 


Abstract Code 
Title 

Author(s) 
Address 
Abstract Code 

_ P = Pulmonary 
E = Esophagus 


CW = Chest wall 
Mediastinum 


T = Trauma 

TX = Transplantation 
H = Heart 

GV = Great vessels 
HV = Valves 

HC = Congenital 
HCA = Coronary 
HP = Pacemaker 


ECR = Extracorporeal 
circulation 
Pulmonary 
support 


END = Endoscopy 


F = Forum 
presentation 


THE SOCIETY OF THORACIC SURGEONS 
Abstract Form 


(See verso for instructions) 


Please double-space abstract. 


Do Not Fill In 


Date 


Reviewer 
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a 

Cruise 
, For less complicated open heart 
+ surgery and faster recovery... 
provides counter pulsation or 
pulsatile flow perfusion during 
cardiopulmonary bypass 





e 


Pulsatile flow gives better capillary and vital 


organ perfusion, normal physiologic PULSE 
and coronary perfusion. Oxygen consumption 
is increased and peripheral resistance is low- 
ered with less potential for metabolic acidosis. 


Roche 
AVCO PBP 





The Double-Chamber Pump: (1) Unique design 
precludes accidental introduction of air into 
the system. (2) Made with Avcothane® the most 
widely used, high quality balloon material. (3) 
Increases pumping. efficiency and avoids 
problems of leakage. (4) Antithrombogenic, 
slows clotting time which may allow increased 
time for procedure. 


Roche Medica! Electronics, Inc. 
Cranbury, New Jersey 08512 
(609) 448-1200 





AVCO PBP Perfusion Bypass Pump. 
Perfusion Bypass Pump. 
Name 
Title 
Hospital 
Address 
eae Zip 


(_] Please call me to arrange a demonstration of the Roche 






(J Please send me more information on the Roche AVCO PBF 


Telephone ee Ge 


* CLASSIFIED ADS 


As of May 1, 1979, The Annals of Thoracic Surgery will charge 
for classified advertising at the rate of $25.00 per 50 words 
per issue. Prepayment is required. 

Advertisements must relate only to situations in the 
thoracic and cardiovascular surgical specialties. All ads are 
subject to the approval of the Editor, and material deemed 
inappropriate for publication in The Annals will be rejected. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned. All re- 
sponses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues ad is to run), payable to The 
Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 





Cardiothoracic surgeon, 37, completing additional fellow- 
ship in cardiovascular surgery research, ABS and ABTS 
eligible, seeks association with group or partnership. 


Please respond to W-126, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

a aie lc ct an ea ig 
Cardiovascular and thoracic surgeon, 36, seeks position 
with group or association leading to partnership. ABS and 
ABTS certified; extensive training and experience in all as- 
pects of cardiac, thoracic, and vascular surgery, IABP, and 
postoperative hemodynamic monitoring. All geographic lo- 
cations considered. 


Please respond to W-139, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, ABS, university 
trained, seeks position in group or association leading to 
partnership. Available July 1979. No geographic preference. 


Please respond to W-147, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Mature, certified, university-trained cardiothoracic and 
vascular surgeon with thirteen years of private practice ex- 
perience wishes to relocate. Seeks association in group 
practice or partnership. Curriculum vitae and bibliography 
available on request. 


Please respond to W-150, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, completing training 
in July, 1979, seeks position with cardiothoracic group or 
association leading to partnership. Well trained in all as- 
pects of cardiac, pulmonary, and esophageal surgery. 
Locale flexible, prefers Northeast. 


Please respond to W-162, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-32 


ca ge ie 
Cardiovascular and thoracic surgeon, 42, seeks 
association/partnership. University trained, M.B., M.S., 
F.R.A.C.S., F.R.C.S.(C), 9 years’ general thoracic and closed 
cardiac experience in India. Two years’ experience each in 
UK, Canada, US, in open-heart surgery. 


Please respend to W-163, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
SE 
Mature surgeon, Board certified in general and thoracic- 
cardiovascular surgery, desires to relocate to a city with a 
population greater than 60,000 or within one hour’s drive. 
Interested in thoracic, peripheral vascular surgery. Willing 
to do general surgery. 


Please respond to W-164, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
Se eee een et eee ae See ee aS ne 
Thoracic and cardiovascular surgeon, 33, completing resi- 
dency in June, 1979, at large, New York medical center, 
seeks position. Well trained in all facets of adult and pediat- 
ric cardiothoracic surgery. FLEX, ABS certified. Will con- 
sider al! geographic locations; flexible in type of practice. 


Please respond to W-165, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Pediatric cardiothoracic surgeon who established open- 
heart surgery in university environment seeks opportunity 
to advance career. ABS and ABTS certified. Curriculum 
vitae and bibliography available. 


Please respond to W-166, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 34, university trained, ABS, ABTS 
eligible, completing additional year in June, 1979, seeks as- 
sociation with group or surgeon. Extensive training in all 
aspects of adult and pediatric cardiothoracic and periph- 
eral vascular surgery. All locations considered. 


Please respond to W-167, The Annals of Thoracic Surgery, 
C-7079 Umiversity Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgical resident, 32, ABS certified, com- 
pleting training in June, 1979, desires group/academic po- 
sition combining clinical and research duties. Well trained 
in coronary artery surgery. Locale flexible; good references. 


Please respond to W-168, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, ABS certified, com- 
pleting residency in thoracic and cardiovascular surgery in 
June, 1979, desires association or partnership with active 
cardiothoracic group or academic appointment. 


Please respond to W-169, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 33, with comprehen- 
sive experience in thoracic and cardiovascular surgery, 
seeks position. Interested in starting cardiac program; pres- 
ently on staff at university center. ABS certified, ABTS re- 
quirements completed. 


Please respond to W-170, the Annals of Thoracic Surgery, 
C-707° University Hospital, Ann Arbor, MI 48109. 





y 





Cardiovascular and thoracic surgeon, 37, ABS certified, 
ABTS eligible, broad cardiac, extra pediatric cardiac train- 
ing, seeks position in cardiac, vascular, and thoracic sur- 
gery. Available now; no geographic preference. 


Please respond to W-171, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular surgeon, 37, ABTS certified, available im- 
mediately, desires relocation to West. University trained in 
all areas of thoracic and cardiovascular surgery. In busy 
private practice 31⁄2 years. Primary experience in coronary 
bypass and valve surgery, but also has done general 
thoracic and vascular surgery. 


Please respond to W-172, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, ABS certified, 
completing training in ABTS-approved university program, 
June, 1979, seeks academic position or association in group 
practice with university affiliation. Location flexible. 


Please respond to W-173, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 34, married, ABS and 
ABTS certified, in active private practice, wishes to relocate 
in Sun Belt states. 


Please respond to W-174, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 37, ABS and ABTS certified, uni- 
versity trained, Ph.D. candidate, seeks academic position 
or association in group practice with university affiliation. 
Currently completing military obligation. Available July, 
1979. Curriculum vitae and bibliography available on re- 
quest. 


Please respond to W-175, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
iÁ- 
Young, productive cardiothoracic surgeon with Boards, 
university training, extensive clinical experience, strong 
academic background, proven record at renowned clinic 
and major contributions to cardiac surgery seeks relocation. 
All situations, practices, and locations considered. Avail- 
able immediately. 


Please respond to W-176, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 38, ABS certified, 
ABTS eligible, seeks association with group, partnership, 
or hospital-based practice in thoracic and cardiovascular 
surgery. Available immediately. No geographic preference. 
FLEX. 


Please respond to W-177, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiac surgeon, 36, Board certified, full-time professor at 
university, wishes to relocate practice. Prefers Southeast. 
Available immediately. 


Please respond to W-178, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A223 





Cardiovascular and thoracic surgeon, 47, FACS, ABS, 
ABTS, licensed to practice in northeastern US, seeks aca- 
demic position, group practice, or partnership. Presently 
Associate Professor and Chief of Service. Available imme- 
diately. 


Please respond to W-179, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 





Cardiothoracic surgeon, Board certified or intending to be 
certified shortly, invited to join established cardiac, 
thoracic, and peripheral vascular surgery service in Illinois. 


Send curriculum vitae to A-97, The Annals of Thoracic Sur- 
gery, C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, Board eligible or cer- 
tified, wanted to join established practice in medium-sized 
midwestern city. Adult cardiac, general thoracic, and vas- 
cular surgery. Association leading to partnership. 


Send curriculum vitae to A-98, The Annals of Thoracic Sur- 
gery, C-7079 University Hospital, Ann Arbor, MI 48109. 





Approved residency in thoracic and cardiovascular surgery 
available, large metropolitan center near NYC. Active 
open-heart, general thoracic, and pacemaker programs; 
520-bed hospital. Candidate must have completed general 
surgery training. Salary of $18,200, vacation, dental plan, 
BC/BS and residence benefits. 


Please respond to A-99, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Fellowship in pediatric cardiac surgery starting July 1, 
1979. Provides experience in neonatal open and closed car- 
diac procedures at university pediatric hospital. Candidates 
must be ABTS eligible or certified. 


Send curriculum vitae to Section of Pediatric Cardiac Sur- 
gery, St. Christopher's Hospital for Children, 5th and 
Lehigh Sts, Philadelphia, PA 19133. 


Thoracic and vascular surgeon wanted to join private prac- 
tice in mid-Atlantic coastal community. ABTS certified or 
candidate. 


Please respond to E. W. Winfrey, III, M.D., 719 J. Clyde 
Morris Blvd, Newport News, VA 23601. 





Full-time academic position in cardiothoracic surgery 
available, Instructor level. Initially half-time in research. 
Applicants must be Board eligible or certified and have 
demonstrated strong interest in surgical research and edu- 
cation and patient care. One year’s clinical experience be- 
yond residency level preferred. 


Please send complete curriculum vitae to Benson R. Wilcox, 
M.D., Chief, Division of Cardiothoracic Surgery, School of 
Medicine, University of North Carolina, Chapel Hill, 
NC 27514. An Equal Opportunity-Affirmative Action em- 
ployer. 


a 





Cardiovascular trainee or Board-qualified surgeon wanted 
as of July 1, 1979. Must be interested in directing laboratory 
in myocardial preservation in northeastern medical school 
and participating in teaching program. Salaried at level of 
postdoctoral research fellowship with medical school ap- 
pointment. Limited clinical duties presently available. 


Please respond to A-103, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgery fellowship in 
university-affiliated hospital. One year, available July, 1979. 
Limited to thoracic, vascular, and cardiac surgery. At least 
3 years of general surgery training and Ohio license or 
eligibility required. Salary negotiable. 


Please respond to A-104, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted to join group 
in private practice in Atlanta. Practice limited to thoracic 
and vascular surgery. Board certification required. 


Please send responses to Mrs. DeEtte Jarman, P.O. Box 
1487, Smyrna, GA 30080. 





Fellowship in surgery available, beginning July 1, 1979, all 
levels. University-affiliated hospital, general surgery, all 
specialties included. Ohio license or eligibility for Ohio 
license necessary. 


Please contact Medical Education Department, St. Elizabeth 
Medical Center, 601 Miami Blvd, West, Dayton, OH 
45408; tel: (513) 223-3141, ext 417. 





‘Established thoracic and peripheral vascular surgeon 
seeking associate. Located in suburb of Washington, DC. 
Corporate benefits, excellent future. 


Please respond to Marvin L. Kolkin, M.D., 1015 Spring St, 
Silver Spring, MD 20910. 





Residency position, first year, available for July or August 
1979. Two-year, fully-accredited program with comprehen- 
sive experience. 


Contact Capt B. L. Aaron, MC, USN, Chairman, Car- 
diothoracic Surgery Department, Naval Regional Medical 
Center, San Diego, CA 92134; tel: (714) 233-2365. 


Special fellowship in cardiac surgery available July 1, 1979. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 


Cardiovascular-thoracic surgery fellowship, St. Paul Hos- 
pital, Dallas, TX. Positions available immediately or July 1, 
1979. Stipend is $22,500 plus malpractice and health insur- 
ance. Applicants must have training equivalent to eligibil- 
ity for General Surgery Boards. 


Contact Gerald F. Geisler, M.D., Chief, Thoracic and Car- 
diovascular Department, St. Paul Hospital, 5909 Harry 
Hines Blvd, Dallas, TX 75235. 


A Technical Breakthrough 
in Cardiac Surgery 









GIRDIO-PROBE 


CONDUCTION CARDIOGRAPH/BUNDLE OF 
HIS DETECTOR/ automated-audible 
localization of cardiac conduction tissue/ 
myocardial ischemia/infarction and facilitated 





recording of HIS Bundle Electrograms 


For the 

cardiovascular surgeon 

concerned with... 

e congenital cardiac repair 

è infarctectomy/ 
aneurysmectomy 

è revascularization 

è valve replacement 

e electrosurgery 


For the cardiologist 
concerned with. . . 

e HIS Bundle electrograms 
e arrhythmia studies 

e pacemaker selection 


For the investigator 

concerned with... 

e conduction-system 
electrophysiology 

e cardiac pharmacology 

e cardiac toxicology 


The CARDIO-PROBE 

includes... 

e an audible pacemaker to 
help establish pacing 

èe a conduction 
cardiograph, fully 
patient-isolated, tripolar 
probe included. Adjustable 
gain 40-500 Hz bandwidth 

èe Bundle-of-HIS detector, 
with fixed alarm threshold 


References: 


Inputs include... 

both tripolar probe and 
tripolar catheter for flexibility 
in use 


Applications include... 

@ localization of 
Bundle-of-HIS 

e delineation of aneurysms 

e delineation of 
ischemia/infarcts 

e mapping conduction 
pathways 

e recording HIS Bundle 
electrograms 





For more information, 
contact 


Seecor inc. 


512 South Freeway 
Fort Worth, Texas 76104 
(817) 338-0451. 


Siegel, L., Mahoney, E. B., Manning, J. A., and Stewart, S.: An Audible Alarm System 


to Facilitate the Intra 


erative identification of Cardiac Conduction Tissue, The 


Journal of Thoracic and Cardiovascular Surgery, 68:241, August, 1974. 
Green, R., Siegel, L., Hill, A., DeWeese, J. A., and Stewart, S.: Regional Myocardial 


Infarction at 
Surgery, 110:1416, November, 1975. 


peration — An Automated System of Identification, Archives of 


See the CARDIO-PROBE at Annual Meeting of the 
American Association for Thoracic Surgery, Booth 307 
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SURGERY OF THE ESOPHAGUS 


R. W. Postlethwait, M.D., Veterans 
Administration Hospital, Durham, North 
Carolina. With the collaboration of 

Will C. Sealy, M.D., Duke University Medical 
Center, Durham, North Carolina. 


A comprehensive and current outline of surgical 
intervention of esophageal disease by two eminent 
specialists. They sequentially cover incidence, etiology, 
pathophysiology, symptoms, diagnosis, treatment, and 
results, further clarifying these procedures with large 
illustrations. Clinical aspects are also portrayed by 
roentgenograms, pathological specimens, and 
microscopic sections. For optimum planning of 
diagnostic and surgical procedures for esophageal 
diseases, this new reference is unrivaled. 


1979 616 pages Illustrated A8714-6 $45.00 


For more information, call 
(212) 532-1700 or write to: 
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CARDIAC VALVE PROSTHESES 


Edward A. Lefrak, M.D., Director, Cardiac 
Surgery, Fairfax Hospital, Falls Church, Va. 
and Albert Starr, M.D., Professor of Surgery, 
Chief of the Division of Cardiopulmonary 
Surgery, University of Oregon Medical School. 


Two respected leaders in the field provide the most 
current and useful information on valve replacement and 
management of patients with valvular heart disease. 
Discussions focus on the risks and benefits of valve 
prosthesis with regard to patient age, functional class, 
cardiac size and late survival. The result is a balanced, 
thorough presentation of facts and an invaluable guide 


to treatment. 


1979 430 pages Illustrated A1049-4 approx. $24.50 


Prices subject to change without notice. 


Department ATS/479 
A, 292 Madison Avenue 


New York, New York 10017 
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ING SIMPLICITY, 
BD SUPERIORITY 


SIGNIFICANT 
DVANCEMENT IN 
ACING SYSTEM 
ECHNOLOGY 


P|.’s new Porous Tip Lead 
courages living tissue to 
ow within the electrode, 
eating a bond between the 
part and the MICROLITH,-P 
ogrammable pacing system. 
e remarkable characteristics 
this bọònd allow you to 
CRECE ULE CLA U 
ICROLITH-P’s programmable 
atures. 


PROVED ELECTRODE 
TABILITY 


e Porous Tip Lead’s direct 
ond with heart tissue resists 
slodgement significantly 
etter than conventional leads. 


IMPROVED SENSING 
CAPABILITY 


With greatly reduced fibrotic 
build-up at the electrode site, 
the new Porous Tip Lead 
improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize longevity of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm? tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


Cardiac Pacemakers, Inc. 


MICROLITH -P 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 


Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 


Cardiac Pacemakers, Inc 

4100 North Hamline Avenue 

P.O. Box 43079 

St. Paul. Minnesota 55164. U.S.A 


INVOLVED IN MANKIND 





The 90% porous electrode 
encourages a synergistic bond with 
cardiac muscle through ingrowth of 
tissue. The 254m diameter of the 
electrode’s interior mesh fibers is 
comparable to that of an individual 
heart cell. This diminishes foreign 
body reaction resulting in a smaller 
fibrotic capsule for incr 
sensing capabilities 
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Youre constantly improving 
your surgical technique. 


Pilling has 350 different 
clamps to help. 


Pilling gives you the greatest available selection 
of vascular clamps — more than any other 
company — precisely matching the anatomical 
considerations for almost every surgical 
approach you use. 


Regardless of the vessel to be occluded, you get 
complete vessel control efficiently and safely. 
Non-traumatic Atraugrip® jaw serrations — 
patented by Pilling and now widely imitated, 
grasp vessels firmly without crushing. You get 


complete vessel occlusion with intimal protection. 


We've taken the most common point of breakage, 


the box lock, and developed a patented process 
that makes the box lock virtually indestructible. It 


will not break! Our Life-Lok® box lock construction 


protects your patient and assures confidence in 
your clamps. 





We want to send you full specifications on the 
clamps that can enhance your surgical 
technique. Call us direct. Well send you our 
240 page catalog showing how Pilling clamps 
can do more for you in the operating room 
than any other clamps. 


Call Toll Free Ask for Pilling’s latest catalog of 
vascular, thoracic, and cardiac instruments. 


800-523-6507 


215-643-2600 in Pennsylvania or write 
Mr. William Taylor at the address below. 


<> NARCO PILLING 
A Division of Narco Scientific 
Delaware Drive 


Fort Washington, PA 19034 


Now the most reliable 


balloon pumping system in the worlc 
isalsothe Simplest. 


INFLATION POINT 
1 ' - S oo See 


PUMP FREQUENCY 


EVERY 
SECOND BEAT 


EVERY 
WA BEAT 


Several years ago, we introduced the Datascope 
System 80 Intra-Aortic Balloon Pump. Since that 
time it has proven itself to be the most reliable system 
in the world. 

We just improved on it. With the new Datascope 
System 82. 

The System 82 is dramatically simpler to 
understand and to operate. Setting two prominent 
Slide controls is essentially all that is needed for 
proper adjustment. 

To test its simplicity, we gave it to nurses who had 
never seen it before. With no instruction whatsoever, 
they were able to understand and adjust each control. 

The System 82 is 50% quieter than its predecessor. 

It utilizes a revolutionary Electrosurgical 

nterference Suppression Module, ESIS. In most 
cases, this device virtually eliminates RF 
interference due to electrocautery. Which means a 
more reliable triggering signal. 

We’ ve also improved the monitor itself. We made 
ıt non-fade. Which gives it a clearer, more effective 
lisplay. So you not only get a better display of patient 
Jata, but also of system control signals. 

But we didn’t change everything. We’ ve kept 
nany of the things that made our System 80 so 
successful. 


WE? §.25222 304 ah wee be ae 


anamusac a S e ie cnen oe 





DEFLATION POINT | 
‘ae Ga we A A. 


BALLOON VOLUME 


STANDBY 


Dual-Chamber Balloon. * In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 











INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse forma 
tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart block unre- 
sponsive to drug therapy 

PRECAUTIONS Implanted pacemakers have a finite and rela 
tively wide variable service life as a result of factors such as the 
initial capacity of the battery and the shelf storage time of the 


manufactured pacemaker; variations in electrode system resis 
tances, stimulation rate, and the percentage of time the im- 
planted pacemaker is inhibited; and random electronic 
component failures 

Pacemaker operation can be influenced by electric, magne 
tic, or electromagnetic energy mimick ng normal cardiac ac- 
tivity. In addition, certain environmental soarces can couple 
Sufficient energy into a pacemaker system to damage the pulse 


generator. Specifically, diathermy should net be used on 


pacemaker patients because of possible total inhibition of the 


pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib- 
rillation; defibrillation can damage the pacemaker, and the 
presence of the pacemaker may cause increased cardiac muscle 
damage from defibrillation. Certain electrical and gasoline 
powered appliances can cause inhibition of an implanted 
cardiac pacemaker system 

For complete precautions, see the Physician's Manual for 


You want her pacemaker 
to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.” ThinLith design helps to reduce 
skin pressure necrosis and the 
chances of pacemaker migration 
within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients’ concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those 
designer originals. Contact your 
Intermedics representative for 
A thinner, lighter pacemaker more information on the ThinLith 
for your patient’s well being. °C" 


Typical dimensions of the ThinLiths 





Height Width Thickness Weight Volume 


No one has to tell you that a (cm) (cm) (cm) (g) (cm3) 
pacemaker implant raises a ThinlithI* 66 46 1 78 30 
make ia ThinLith II* 6.0 4.6 bl 68 27.5 
> > ¢ y 7 
number of concerns among your C a ae aA a 2 


patients. One concern many of 

your patients may share is, very ° > 

simply, “How much will it show?” The ThinLith a 

At Intermedics, we are cognizant of Part of a Superior Pacing 

this concern. We've designed a System From Intermedics. 

series of pacemakers to help mini- 

mize appearance anxiety among 

your patients while giving you the 

reliability of our CMOS circuitry in RY Y r 

a trimmer, more compact size. x~ Intermedics lnc. 
Yes, the ThinLiths employ the P.O. Box 617 

same dependable CMOS circuitry Fr eep ort. Texas 77541 

proven successful in our other ' 


Intermedics pulse generators. In Our business is life. 





addition, the lighter weight, ThinLith is a trademark of Intermedics, Inc : 
reduced thickness and smoothlv © Copyright 1979, Intermedics, Inc., Freeport, Texas 

rounded corners reduce pocket 
5 ‘ iy * The ThinLith I and ThinLith IH models 

£ St- \ 
` P bulge ind add to the po t operau E (225-01 and 227-01) now carry a Patient 
comfort of your patients. Also, the Lifetime Replacement Agreement. 
: | 


the Intermedics cardiac pulse generator to be used 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 


known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported 


Neither c¢ the models pictured are cardiac pacemaker 
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In ariisepels. there i is no in- -between. BETADINE Microbicides 

Pathogens are destroyed or they The aae i use a BETADINE 

survive. That is why hospital _____ Microbicides has been abundantly 2 eee A 

antisepsis is no place for compromise documented—specifically by name in : PUso 

with the quality of an antiseptic. Just hundreds of published reports, ALLL" p 

one pathogen species missed by encompassing thousands of clinical m ES E ae Re CR E 

an antiseptic can cause serious procedures. +. 
roblems. 5 : 

Ma i poh BETADINE Microbicides enjoy the The surest antiseptic 
rotecuo;n distinction of having been chosen 'S the best buy 

With BETADINE Microbicides, you by NASA for disinfection pro- Purdue Frederiek 

are assured of maximum antiseptic cedures in Apollo splashdowns © Copyright 1978, The Purdue Frederick Company/Norwaik, CT 06856 

protection, confirmed by more thana and in the Skylab mission. rene AD 

billion applications to date. BETADINE with a wide range of forms, 

Microbicides kill a broad spectrum of BETADINE Microbicides enable eR ADINE A Se, aR 

pathogens—both gram-positive you to maintain a consistently high documented tE, SA aaa 

and gram-negative bacteria (including standard of antisepsis for various by NASAN 

antibiotic-resistant strains), fungi, clinical needs throughout the 

viruses, protozoa and yeasts. hospital, enhancing the safety of 


physicians, nurses, patients and 
illustration is artist's representation of organisms personnel. 
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CyberLith | 


Multi-Programmable 
CMOS Model 253-01 
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intermedics Inc. 
FREEPORT, TEXAS 
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Free house calls. 


We'll give your patients regularly scheduled EKGs at no cost to you, when you 
use Intermedics’ Trace-A-Pace™ pacemaker monitoring service. 

A service that includes our providing you with a Trace-A-Pace transmitter for 
your patient. 

The transmitter lets your patient use his home telephone, toll free, to send 
EKG tracings according to your schedule to our Trace-A-Pace service. 

A service directed by an M.D., and staffed by Registered Nurses with coronary 
care experience. 

Professionals who will call you immediately if any problem is detected. Other- 
wise, each routine tracing is forwarded to you for checking. 

But you have another choice. If you 
prefer, Intermedics can help you establish 
your Own monitoring service. We’ll help 
you install the recording equipment right 
in your own office. 

Either way, we even provide a very 
simple but comprehensive patient booklet 
entitled “House Calls,” to make the moni- 
toring system easily understood. 

Helping you monitor your patients helps us 
develop even more advanced, reliable pacemakers. 

In fact, some of our ge TA 
newest pacemaker mod- i \ ' $ 
els are built with a special N | 
circuit for telemetry a <2 Nh» 
transmission. Our EKG/ i Vi { 
Telemetry transmitter om. |/ ib 
allows your patient to 
send both telemetry and 
EKG recordings to our 
Trace-A-Pace offices in 
Freeport, Texas. 

So while the EKG tells you about the patient’s condition the telemetry can 
provide more precise information about the pacemaker’s condition. 

Contact your Intermedics Representative, or write and let us tell you more 
about our Trace-A-Pace service. The service behind every Intermedics pacemaker. 











Has 


Intermedics Inc. 


P O. Box 617, Freeport, Texas 77541 
Trace-A-Pace toll free number 1-800-231-6128 


Our Business is Life. 
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More-Port Ability 


(Highly efficient combination filter too.) 


The WILLIAM HARVEY Cardiotomy 
Reservoir with Filter H-700F comes with 
four 1/4-inch return ports. That means it can 
accommodate one or two more extra suction 
lines than other available cardiotomy reser- 
voirs, without the inconvenience of extra 
connectors. But that’s not the only advan- 
tage of the H-700F. It has a rapid prime port 
which bypasses the microaggregate filter 
through the defoamer for the return of left 
ventricular vent blood, or the quick intro- 
tion of solutions that don’t require micro- 
aggregate filtration into the extracorporeal 
circuit—the only cardiotomy reservoir avail- 
able with this capability. And it holds up to 
2500 ml of blood. Again, more than any other. 

In addition, the H-700F provides excellent 
blood and air separation through a unique 
tangential entry circuit, and has a highly effi- 


cient cambhinathan donth and 2A micran erroon 


filter system. Made of clinically proven poly- 
carbonate, thoroughly tested for toxicity and 
biocompatibility, the H-700F will easily adapt 
to your present pump system with the use of 
the H-750 Adjustable Holder. 

Also available: the H-700 Cardiotomy 
Reservoir, with all the professional features 
of the H-700F, but without the microaggre- 
gate filter. 

For more information contact your 
WILLIAM HARVEY Representative, or call 
WILLIAM HARVEY, Division of C.R. Bard, 
Inc., 1425 South Village Way, Santa Ana, 


California 92705. Call toll free: 800/854-3917. 
In California, 714/835-2422. 
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Year Pacemaker 


thin e lightweight e hermetically sealed 
standard connectors e unequalled reliability 
unipolar or bipolar 


p 
Pacesetter 

tems. d 
a MAR, CA. USA 


HIUM PACEMAKER 


LIT MDL- 201A 


VIVALITH™ 9 


VVI UNIPOLAR 
S/N D 0024 


Call today toll free (800) 423-5611 
(in California call collect (213) 367-19 


Pacesetter’ Systems. Inc. 2" 
9 @  Syimar, California 91342 USA 


Where Reliability Is a Way of Life™ Telex: 698415, Cable: PACESETTER 
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EDITORIALS 


Esophagectomy Without Thoracotomy 


R. W. Postlethwait, M.D. 


In this issue of The Annals (p 399), Szentpetery, 
Wolfgang, and Lower report 17 patients who 
had removal of carcinoma of the thoracic por- 
tion of the esophagus by dissection through 
abdominal and cervical incisions. Fifteen of the 
tumors were in the middle third and 2, in the 
lower third. One postoperative death occurred, 
and the 1 serious nonfatal complication was a 
tear in the membranous trachea requiring tho- 
racotomy. Ten patients had hemothorax. Five 
patients are living, with an average survi- 
val of 13 months. In 1978, Orringer and Sloan 
[3] described a similar technique, performed in 
26 patients. Twenty-two had carcinoma: in 10, 
it was in the cervicothoracic area; in 1, the 
upper third; in 5, the middle third; and in 6, the 
distal third. None of the 4 postoperative deaths 
was directly related to the technique of blunt 
esophagectomy. 

A single successful resection of a carcinoma 
of the lower part of the middle third of the 
esophagus by this technique was described by 
Turner [6] in 1933. In the Bradshaw Lecture of 
1935, Turner [7] reported on other patients, but 
the exact number is not clearly stated. He re- 
ferred, however, to 4 early (12 to 24 hours) post- 
operative deaths due to hemorrhage as found at 
postmortem examination, and 3 later deaths 
caused by infection. No mention was made of 
survivors and no subsequent reports came to 
my attention until that of Kirk [2] in 1974, fol- 
lowed by the two recent reports already men- 
tioned. Parenthetically, consideration should 
be given to the differences between blunt dis- 
section of the normal esophagus, which may 
occasionally be acceptable, and removal of a 
carcinoma of the thoracic esophagus. 

The most pertinent comments have been 
provided by two experienced surgeons who 
discussed the paper of Orringer and Sloan [3]. 
Ronald Belsey [1] was very interested in this 
“expedition into the dark ages.” Edward F. 
Parker [4] noted the violation of some basic sur- 
gical principles: (1) inadequate exposure, (2) no 
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opportunity for hemostasis, and (3) inability to 
excise regional nodes or local extension. These 
important points need no elaboration. Never- 
theless, I know of 2 deaths due to hemorrhage 
from the azygos vein in the early years when 
left thoracotomy was utilized for middle-third 
lesions. Patients have been returned to the 
operating room because of arterial bleeding 
from aortic, intercostal, or bronchial branches 
to the esophagus. The desmoplastic reaction 
stimulated by the carcinoma frequently adheres 
to vital structures, and only dissection under 
direct vision is safe. Finally, although remote 
node metastases indicate limited survival, local 
node involvement does not always do so. These 
factors suggest the limitations of esophagec- 
tomy without thoracotomy. 

The rationale that aggressive resectional op- 
eration results in a high postoperative mortality 
and only rarely a cure has been used to justify 
palliative methods of treatment. Admittedly, 
the overall survival of all patients with car- 
cinoma of the esophagus is discouraging, but 
current statistics indicate improvement. Ap- 
proximately 30% of all carcinomas of the 
esophagus can be resected with a postoperative 
mortality of about 18%. For those who survive 
operation, the five-year survival is now 15% 
[5]. These are average results; reported series 
could be quoted with lower postoperative mor- 
tality and higher five-year survival. 

No adverse implication is intended for those 
surgeons who wish to continue evaluation of 
esophagectomy without thoracotomy for car- 
cinoma, particularly until a sufficient number 
of patients have been followed for an adequate 
period of time. Conversely, wide adoption of 
this technique is not recommended because of 
the violation of surgical principles already 
noted and the possibility of missing the op- 
portunity to cure an occasional patient. 
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Should We Do Y- and 


Sequential Grafts for Coronary Bypass? 


William H. Sewell, M.D. 


The use of multiple coronary anastomoses from 
a single aortic anastomosis, advocated by Dr. Yeh 
and associates (this issue, p 409), raises several 
important questions. The first is whether there 
is any need to include such variations in the 
surgical armamentarium, or whether the needs 
of patients can be as well met with multiple 
individual grafts. 

To date, there is no proof for the concept that 
a patient with complete revascularization has a 
better prognosis for longevity, freedom from 
infarction, and prolonged relief of angina. 
However, the idea is logical and could well be- 
come established in the future. It, therefore, 
seems appropriate for surgeons to develop the 
capability of approximating complete revas- 
cularization as closely as possible. Complete re- 
vascularization might be arbitrarily defined as 
achievement of unobstructed communication 
from the aorta to all coronary arterial branches 
serving the left ventricle that have an internal 
diameter of more than 1.0 mm and are con- 
stricted by 75% or more. 

Furthermore, an increasing number of pa- 
tients are seen with recurrent angina several 
years after operation. As Dr. Yeh and colleagues 
note, the majority of these patients are found to 
have patent grafts but progressive sclerosis in 
ungrafted arteries. Therefore, it seems wise to 
also bypass prophylactically minor lesions in 
the larger coronary branches if this can be done 
without real increase in the operative risk and 
with a high chance of graft patency. 

The second question is whether, in theory, 
the sequential anastomosis technique offers the 
best chance of complete revascularization. It 
appears to do this. The most important the- 
oretical advantage is that a side-to-side anas- 
tomosis is very likely to remain patent even 
though the flow through it is too low to keep 
open an end-to-side graft, if there is good flow 


From the Guthrie Clinic Ltd, and Robert Packer Hospital, 
Sayre, PA 18840. 


from the distal end of the graft. Limited flow 
might result from a small runoff bed or from 
insufficient proximal coronary constriction to 
reduce the pressure distally. 

Other advantages of the sequential technique 
are primarily technical. Anastomosis to three to 
six coronary branches usually requires consid- 
erably less vein than individual grafts. There 
are fewer aortic anastomoses. The coronary 
anastomosis can be any length desired, instead 
of being dictated by the diameter of the vein. 
The use of only one double-armed suture for 
each anastomosis and employment of longi- 
tudinal, oblique, or transverse incisions in the 
vein increase the versatility immensely. These 
advantages may well end up offering a psy- 
chological incentive to graft more coronary 
branches. 

If this reasoning is accepted, the next ques- 
tion is whether practice follows theory. In some 
series, the answer seems to be “yes.” The aver- 
age of 3.29 grafts per patient reported by Dr. 
Yeh and associates compares very favorably 
with other consecutive series of coronary 
bypass procedures using multiple individual 
grafts. Interestingly, an average of 3.28 grafts 
was placed in each of the 235 patients I operated 
on in 1977 and 1978. The average was 2.47 in the 
394 patients revascularized in 1972 through 
1976. Multiple graftings were done with the 
“snake graft” technique [2] exclusively. 

A patency of 95% of the side-to-side anas- 
tomoses was reported in 1976 [3]. It was also 
95% of the 730 side-to-side anastomoses ex- 
amined arteriographically in 1972 through 1977. 
This may be comparable to the patency of 89% 
in the present series because Dr. Yeh and co- 
workers did perform postoperative arteriog- 
raphy on patients with unfavorable clinical 
results. For precise studies it certainly is desir- 
able to obtain postoperative catheterization on 
nearly all, or a statistically valid sample, of the 
patient population. 

Other surgeons have been pleased with the 
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results of side-to-side anastomoses, but they 
are very much in the minority. Very few use the 
technique routinely for all multiple grafting 
procedures. Without doubt, successful cases are 
more likely to be reported than unsuccessful 
ones, and we wonder how many surgeons were 
quietly disappointed with their results. In 1975 
Kirklin [1] published the following comment: 


Sewell presents a persuasive argument for the snake 
graft. No doubt surgeons will be attracted to it be- 
cause it seems simpler at first glance than the use of 
individual skin grafts. Two of my colleagues have 
had limited experience with the snake graft and have 
discontinued its use because of their dissatisfaction 
with it. In my judgment, surgeons should be cau- 
tious in adopting this technic until it is proved to be 
as good as the use of individual grafts. 


The results reported by Dr. Yeh and asso- 
ciates with the end-to-side anastomoses from 
natural Y-grafts were essentially the same 
as those with the side-to-side. My results us- 
ing Y-grafts made with a vein-to-vein anas- 
tomosis were no better than individual grafts, 
and gave lower patency than the sequential 
technique [2]. Therefore, I abandoned the Y- 
graft in 1972, as did other surgeons about the 
same time, and can scarcely recommend it. The 
natural Y technique offers certain advantages 
over the artificial Y, and should be considered a 
reasonable possibility at the present time, at 


least when favorable anatomy is encountered. It 
is interesting that a patency rate of 87 to 89% 
has been reported by many authors using 
end-to-side anastomoses whether they were 
obtained with individual grafts, natural Y, or 
artificial Y techniques. 

The question of whether the sequential, the 
Y-, or the individual graft technique offers the 
best chance of complete revascularization is un- 
resolved at present. A reasonable assessment is 
that the sequential technique, perhaps in com- 
bination with natural Ys, could be the best, but 
most experience to date has indicated the con- 
trary. Factors that make the difference between 
success and failure of the sequential system ap- 
pear to be anatomical and technical. Elucidation 
of these fine points offers an opportunity for 
considerable contribution to the field of myo- 
cardial revascularization during the next few 
years. 
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Pull-Through 


Esophagectomy 


Without Thoracotomy for Esophageal Carcinoma 


S. Szentpetery, M.D., Timothy Wolfgang, M.D., and R. R. Lower, M.D. 


ABSTRACT Seventeen consecutive patients under- 
went pull-through esophagectomy using blunt dis- 
section from laparotomy and cervical incisions for 
carcinoma of the esophagus. Fifteen patients had a 
middle-third lesion while 2 patients had a distal- 
third lesion. The gastrointestinal tract was recon- 
structed using primary gastroesophagostomy in 15 
patients and colon interposition in 2. Both the colon 
and stomach were placed through the posterior 
mediastinum. The surgical technique and results are 
described in detail. There were two major complica- 
tions. One patient died of massive gastric hemor- 
rhage on the eighth postoperative day in spite of 
emergency operation. Another patient sustained a 
tear of the membranous trachea at the time of blunt 
dissection. This was repaired through a right tho- 
racotomy without difficulty. 

Esophagectomy using blunt dissection offered ex- 
cellent palliation and resulted in little morbidity in 
our series. The shortened operating time, minimal 
blood loss, total lack of postoperative chest pain, 
minimal pulmonary complications, and the benefit 
of a cervical anastomosis are several advantages 
compared with the present surgical approaches. 


Carcinoma of the esophagus continues to have 
a dismal prognosis. Radical operation [12], 
radiation therapy [11], or combined radiation 
therapy and operation [10, 15] result in signifi- 
cant associated morbidity and mortality with 
few cures and short-lived palliation for the 
majority of patients. Disappointed with these 
modalities of treatment, some physicians re- 
sorted to palliation alone using esophageal in- 
tubation or palliative bypass to ensure the abil- 
ity to swallow. 

The standard approach to the esophagus re- 


From the Department of Surgery, Medical College of Vir- 
ginia, Virginia Commonwealth University, Richmond, VA. 


Presented at the Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association, Nov 2-4, 1978, Marco 
Island, FL. 


Address reprint requests to Dr. Szentpetery, Box 97, Medi- 
cal College of Virginia, Richmond, VA 23298. 


quires thoracotomy, and the postoperative 
morbidity and mortality in up to 22% of pa- 
tients [12] are directly related to the tho- 
racotomy either as pulmonary complications 
or intrathoracic anastomotic leaks. In an ap- 
proach described by Turner [14] in 1933, the 
esophagus is removed through cervical and 
laparotomy incisions with blunt dissection. 
Thereby, the thoracotomy is eliminated, the 
pulmonary complications are minimized, and 
the gastroesophagostomy is performed in the 
neck, where leaks are relatively inconsequen- 
tial. 

The purpose of this paper is to describe our 
experience with 17 consecutive patients who 
underwent pull-through esophagectomy using 
blunt techniques with primary reconstruction. 


Materials and Method 

Seventeen consecutive patients underwent 
pull-through esophagectomy without thoracot- 
omy at the Medical College of Virginia from 
1975 through 1977. All patients were men. The 
average age was 63 years (range, 42-73 years). 
The average weight loss before operation was 
9.07 kg (range, 2—36.3 kg). 

The histological diagnosis in all patients was 
squamous cell carcinoma. Fifteen patients had a 
middle-third lesion and the 2 remaining pa- 
tients had a distal-third lesion. Two patients 
had 2 separate primary lesions in the resected 
specimen. Six patients had positive celiac 
nodes. In 4 patients the tumor was left behind 
attached to the trachea or aorta. 

Bronchoesophagoscopy is performed rou- 
tinely before operation. Mechanical and an- 
timicrobial preparation of the gastrointestinal 
tract is started 24 hours before operation. 

At operation the patient is placed supine on 
the operating table with the head tilted slightly 
to the right. Midline laparotomy is performed 
(Fig 1). Limited celiac node involvement at ex- 
ploration is not considered a contraindication 
to operation. The stomach is freed and the right 
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Fig 1. The major steps of pull-through esophagectomy 
and gastroesophagostomy. 
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gastric and gastroepiploic vessels are left intact. 
The left gastric artery is ligated at its origin, and 
these short gastric vessels also are ligated to 
avoid splenic injury. Pyloromyotomy and a 
generous Kocher maneuver complete the in- 
traabdominal part of the procedure. 

The esophagus is approached 
through an incision anterior to the left sterno- 
cleidomastoid muscle. The omohyoid muscle, 


cervical 


middle thyroid vein, and inferior thyroid artery 
are divided. The esophagus and trachea are 
separated carefully, first in the neck, then con- 
tinuing the blunt dissection down the bifurca- 
tion of the trachea. Blunt dissection is then 
started from the hiatus around the esophagus 
until the upper hand is met behind the bifurca- 
tion. A large Penrose drain is passed through 
this tunnel. The cervical esophagus is divided 
using the gastrointestinal anastomosing (GIA) 
stapler. The distal end is secured to the Penrose 
drain. Gentle traction of the drain from the ab- 
domen facilitates dissection of the esophagus 
from the back wall of the trachea and then from 
the pericardium. Continuous blood pressure 
monitoring is vital during this part of the oper- 
ation. Retrocardiac manipulation can result in 
sudden drop of the blood pressure, which could 
remain undetected if only periodical cuff blood 
pressure measurements are made. 

The esophagus is transected at the cardia 
using the GIA stapler, and the stomach is de- 
livered up to the neck incision through the 
esophageal bed. The gastric fundus is sutured 
to the prevertebral fascia and then is anas- 
tomosed to the esophagus with two layers of 
nonabsorbable suture. Both abdominal and 
cervical wounds are drained for 3 to 4 days. 
Immediately following operation, a chest roent- 
genogram is made to determine whether he- 
mothorax or pneumothorax is present. Either 
can be handled with 48-hour thoracostomy 
drainage. 

After operation, the patient’s head is kept 
elevated 30 degrees to reduce venous engorge- 
ment in the graft. Mechanical ventilators can be 
stopped a few hours after operation, and extu- 
bation is accomplished, usually by the next 
morning at the latest. Feeding through the 
nasogastric tube may be started as soon as nor- 
mal bowel function returns. Peroral diet ad- 





Fig 2. Postoperative upper gastrointestinal series out- 
lining the gastric contour in the esophageal bed. There 
is no evidence of an anastomotic leak. 


ministration is preceded by a barium swallow 
on the eighth postoperative day (Fig 2). 


Results 

Major complications included the following: 
hemothorax (10 patients, 6 requiring insertion 
of a chest tube); abdominal wound infection 
(2); temporary cord paralysis (1); and post- 
operative gastrointestinal bleeding (1). It is 
noteworthy that the most common complica- 
tions, hemothorax or pneumothorax resulting 
from a tear of the mediastinal pleura, were 
eliminated in the last 6 patients by more careful 
dissection. Pulmonary complications such as 
pneumonia and atelectasis were not encoun- 
tered. There were no anastomotic leaks. 

Only 1 patient died after operation. He sus- 
tained massive gastric hemorrhage on the 
eighth postoperative day. At emergency opera- 
tion, a large posterior gastric erosion was found 
but the hemorrhage from the mediastinal 
structures could not be controlled even after 
gastrectomy. The exact cause of the large gastric 
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erosion remains obscure, although ischemia or 
pressure necrosis could be postulated. 

During blunt dissection in the mediastinum, 
the membranous portion of the trachea was 
torn in another patient. Immediate repair was 
done through a right thoracotomy, and the pa- 
tient was well seventeen months after operation 
with no evidence of recurrent disease. The 
average duration of operation was 4 hours. 
The position of the patient did not have to be 
changed during the procedure. At discharge, all 
patients were on a regular diet. There were no 
complaints of reflux and dysphagia except in 
the terminal phases of recurrent disease. At the 
time of writing, 5 patients were alive, with an 
average survival of thirteen months. 


Comment 

Pull-through esophagectomy for esophageal 
carcinoma was described in 1933 by Turner 
[14], but because of fear of hemorrhage from the 
esophageal bed, the technique was not often 
used. In 1960, Ong and Lee [8] described re- 
section of a normal intrathoracic esophagus 
using blunt dissection associated with cervi- 
cal esophageal carcinoma. This approach was 
applied widely for pharyngeal carcinoma [1, 7] 
and for benign disease [13]. In 1974 Kirk [6] 
attempted resection of esophageal carcinoma 
with the pull-through technique, with good re- 
sults for palliation in inoperable patients. 

Our experience with 17 consecutive patients 
proved that intrathoracic hemorrhage from the 
esophageal bed is not a major problem. The 
average blood loss in our patients was 1.8 units 
per patient. The tracheal tear can be avoided 
as expertise increases and if the following 
guidelines are used: do not overinflate the en- 
dotracheal tube cuff; place the endotracheal 
tube cuff close to the cords; and separate care- 
fully the trachea and the esophagus. 

We believe that the stomach is a better choice 
for the bypass than the colon. It leaves no in- 
traabdominal anastomosis, the blood supply 
is very constant, mobilization is less time- 
consuming, and ischemic necrosis is extremely 
rare. With a generous Kocher maneuver, the 
stomach is always long enough to reach up to 
the neck. We encountered no incidence of re- 
flux frequently seen with the Lewis operations 


2, 3]. The fact that the entire stomach is in the 
chest under negative pressure and under the 
intact cricopharyngeal sphincter mechanism 
might be the explanation. 

The effect of radiation therapy had been in- 
vestigated previously in the treatment of 
esophageal carcinoma [4, 5, 9, 15]. Five of our 
patients underwent postoperative radiation 
therapy with no ill effects on the stomach. This 
group, however, is rather small to make any 
comments about long-term survival. We plan to 
study further the effect of preoperative and 
postoperative radiation therapy on the long- 
term prognosis. 

We believe that pull-through esophagectomy 
offers excellent palliation with low morbidity 
and mortality. The operation can be performed 
rapidly with minimal blood loss. The few tech- 
nical problems can be easily overcome (tracheal 
tear, tear of the mediastinal pleura) with in- 
creasing expertise. By using the stomach for 
bypass, only one cervical anastomosis remains 
to be done. The complete lack of postoperative 
chest pain ensures minimal postoperative pul- 
monary complications. Whether this technique 
provides a cure for early stage carcinomas will 
be determined with subsequent follow-up. 
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Selective Nonoperative Management 
of Contained Intrathoracic Esophageal Disruptions 


John L. Cameron, M.D., Richard F. Kieffer, M.D., Thomas R. Hendrix, M.D., 
Denis G. Mehigan, M.B., and R. Robinson Baker, M.D. 


ABSTRACT Eight patients with intrathoracic esoph- 
ageal disruptions were managed nonoperatively and 
without pleural drainage. Criteria for nonoperative 
treatment included the following: disruption con- 
tained in the mediastinum or between the medias- 
tinum and visceral lung pleura; drainage of the cav- 
ity back into the esophagus; minimal symptoms; and 
minimal signs of clinical sepsis. Cause of the 
esophageal perforation was pneumostatic dilatation 
(1 patient), vomiting (2), and a leak following 
esophageal operation (5). Antibiotics were adminis- 
tered intravenously to all patients; hyperalimenta- 
tion was accomplished intravenously in 5, and 
nasogastric suction was used in only 1. The cavities 
contracted and the esophageal leaks sealed in all in- 
stances. Time before oral intake was resumed ranged 
from 7 to 38 days (average, 18 days). Days until dis- 
charge ranged from 15 to 52 days (average, 28 days). 


An intrathoracic esophageal disruption can 
occur in a variety of circumstances. Forceful 
vomiting can produce the lesion, as in 
Boerhaave’s syndrome, as can endoscopy, 
esophageal dilatation, a swallowed foreign 
body, thoracic trauma, or an anastomotic leak 
following esophageal operation. Intrathoracic 
esophageal disruptions often are seen as catas- 
trophes and can require prompt surgical inter- 
vention if survival is to be achieved. Recently, 
however, some authors [2, 3, 5] suggested that 
not every patient with an esophageal leak re- 
quires operation and that some are actually bet- 
ter off not undergoing thoracotomy. In this 
paper, 8 patients with intrathoracic esophageal 
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disruptions managed nonoperatively and with- 
out pleural drainage are reported. Guidelines 
for selecting patients with esophageal disrup- 
tions for nonoperative management are pre- 
sented. 


Material 

Eight patients with intrathoracic esophageal 
disruptions were managed nonoperatively and 
without pleural drainage between 1969 and 
1978 (Table 1). Seven of the 8 patients were 
treated during the last 5 years of this study. Five 
of the patients were men and 3 were women. 
They ranged from 35 to 64 years old (average, 54 
years). In 1 patient with achalasia the esoph- 
ageal disruption occurred after pneumostatic 
dilatation. In 2 patients the disruption followed 
forceful vomiting. The remaining 5 patients had 
uncergone esophageal operation and sub- 
sequently experienced a leak from an 
esophageal suture line. The 5 surgical proce- 
dures included a Thal fundic patch and Nissen 
fundoplication for a benign stricture; a colon 
interposition for a benign stricture; an 
esophagogastrectomy for esophageal cancer; re- 
section of an esophageal diverticulum with 
esophagomyotomy; and closure of an endo- 
scopic esophageal perforation. 

The esophageal perforation was identified 8 
hours after pneumostatic dilatation in the pa- 
tient with achalasia. In the remaining 7 patients 
the disruption was detected 2 to 9 days after 
injury (mean, 6 days). Despite the esophageal 
leak and mediastinal collection, 4 of the 8 pa- 
tients were asymptomatic. Three patients com- 
plained of substernal pain and burning, and the 
other patient had back and chest pain. Three 
patients remained afebrile during their clinical 
course. Three had intermittent temperatures of 
38.0°C, and 2 patients had temperatures as 
high as 40.0°C. Five of the 8 patients had a 
leukocytosis ranging from 11,000 to 17,000 per 
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Table 1. Data from Patients with Contained Esophageal Disruptions 
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Patient No., Temper- 
Age (yr), ature 
Sex Race Cause Co) 
i. So, F W Operation 38.9 
2. Shy M W Vomiting None 
3. OL, F W Operation 38.35 
4. 53, F B Dilatation 38.9 
5. 53, M W Operation None 
6. 46, M B Operation None 
7. 64, M W Vomiting 38.35 
8. 64, M W Operation 38.35 


A 


Fig 1. (A) Gastrografin (meglucamine diatrizoate) swal- 
low in a 64-year-old man following an episode of vio- 
lent vomiting. An esophageal perforation with a con- 
tained mediastinal cavity measuring 3 by 4 cm Is seen. 
A Gastrografin air-fluid level is visible in the cavity. (B) 
Five days after the first Gastrografin swallow, the cav- 
ity remains approximately the same size. (C) Thirteen 
days later, the cavity has contracted to 1 by 1 cm in 
size. (D) Twenty-seven days after the first swallow the 
cavity is almost gone, and the leak is almost sealed. 
Oral intake was resumed at this time. 


cubic millimeter. The remaining 3 patients had 
normal white blood counts. 

A pleural effusion was demonstrated radio- 
graphically in 7 of the 8 patients. In 3 patients it 


White Location in 

Blood Count Esophagus Size Pleural 
(per mm?) (Third) (cm) Effusion 
17,000 Middle 2x2 No 
13,000 Lower 26 Left 
Normal Lower 2x5 Left 
11,300 Lower 4x4 Bilateral 
Normal Lower 4x9 Bilateral 
13,000 Upper 2x5 Right 
13,400 Lower 3 x 4 Bilateral 
Normal Middle 3x2 Left 





was bilateral and in 4, unilateral, usually on the 
left. In all instances the effusions were small. 
Gastrografin (meglucamine diatrizoate) swal- 
lows demonstrated the disruption to be in the 
lower third of the esophagus in 5 patients, in 
the middle third in 2 patients, and in the upper 
third in 1 patient. The esophageal disruption in 


each instance was contained in the medias- 
tinum or between the mediastinum and the vis- 
ceral lung pleura. In no instance did it com- 
municate with the free pleural space. Size of the 
cavity ranged from 2 by 2 cm to 4 by 9 cm. In 
each patient the cavity appeared to be well 
drained back into the esophagus (Figs 1, 2). 
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Fig 2. (A) Gastrografin (meglucamine diatrizoate) swal- 
low in a 53-year-old man 7 days following esophageal 
operation. An esophageal disruption with a 4 by 9 cm 
cavity contained between the mediastinum and lung 
pleura is seen. (B) Five days later, the cavity has al- 
ready begun to contract. (C) Thirteen days later, the 
cavity size is approximately 2 by 2 cm. (D) Twenty- 
seven days after the first swallow, only a small remnant 
of the cavity remains. Oral intake was resumed. This 
patient is the only one who had nasogastric suction dur- 
ing the period of nonoperative management. 


Method 

Following detection of the esophageal disrup- 
tion, the decision was made in each instance to 
manage the patient nonoperatively (Table 2), 


Table 2. Treatment and Clinical Course 





C 


with the provision that if the clinical status 
deteriorated, immediate thoracotomy and 
mediastinal drainage would be carried out. 
All patients were maintained on intravenous 
fluids. Five of the 8 patients were hyperali- 
mented intravenously with hypertonic glucose 
and amino acid solutions. Nasogastric suc- 
tion was employed in only 1 patient. All 8 
patients received intravenous administration of 
antibiotics. The combination of gentamicin, 
clindamycin, and penicillin was used in 5 pa- 
tients. One patient received cephalosporin and 
gentamicin; 1 patient, only cephalosporin; and 
the remaining patient, penicillin and Chloro- 
mycetin (chloramphenicol). 


—— eee eee eee 


Intravenous Days until Days to 

Patient Hyperali- Nasogastric Delay in Oral Intake Dis- 
No. Antibiotics mentation Suction Diagnosis Resumed charge 
1 Yes No No 9 days 7 21 

2 Yes No No 3 days 13 23 

3 Yes Yes No 9 days 38 52 

4 Yes No No 8 hours 11 15 

5 Yes Yes Yes 7 days 27 35 

6 Yes Yes No 7 days 14 20 

7 Yes Yes No 2 days 25 35 

8 Yes Yes No 7 days 10 21 
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All patients slowly but steadily improved 
clinically. Fever persisted from 3 to 15 days 
(average, 7 days) in the 5 patients who were 
febrile. Leukocytosis persisted from 3 to 8 days 
(average, 5 days) in the 5 patients with elevated 
white blood counts. The size of the mediastinal 
cavity was followed closely with Gastrografin 
swallows performed initially every 3 to 5 days 
(see Figs 1, 2). After it became clear that the pa- 
tient was doing well, contrast studies were 
performed once a week. 

Oral intake was initiated when a Gastrografin 
study demonstrated that the mediastinal cavity 
had contracted and the esophageal disruption 
had sealed, or that the cavity had decreased 
sufficiently to ensure eventual closure. This 
took from 7 to 38 days (average, 18 days). 
Length of hospitalization after the esophageal 
disruption to the time of discharge ranged from 
20 to 52 days (average, 28 days). In all 8 patients 
the mediastinal cavity eventually disappeared 
completely, and the esophageal leak sealed 
completely. No patient required any surgical 
procedure, minor or major. 


Comment 

Most intrathoracic esophageal disruptions are 
treated surgically. When first seen, the patient 
often has severe chest and abdominal pain and 
shows signs of cardiovascular collapse. When 
widespread mediastinal or pleural contamina- 
tion occurs, mediastinal or pleural space infec- 
tion or a combination of these results and sepsis 
ensues. The accepted management of such pa- 
tients currently includes thoracotomy, opening 
the mediastinum widely, and pleural space 
drainage. If the perforation is recent and the 
esophageal margins will hold sutures, esoph- 
ageal closure is carried out. In 1978, Symbas 
and colleagues [8] advocated reinforcing the 
esophageal repair with a fundoplication. If the 
perforation is old and the esophageal margins 
will not hold sutures, external drainage to es- 
tablish an esophagocutaneous fistula is indi- 
cated. Results of this regimen vary. When the 
disruption follows forceful vomiting, mortality 
ranges from 30 to 40% [1, 4, 5, 7]. If the patient 
is operated on within the first 24 hours follow- 
ing perforation, mortality is in the range of 
10%. When the patient is not diagnosed early 


and is operated on 24 hours or more after the 
injury, mortality increases to 50% or greater. 
Patients with endoscopic perforations tend to 
do better because the injury is generally diag- 
nosed earlier [5, 9]. Patients with intrathoracic 
esophageal disruptions following esophageal 
operation do poorly, and mortality is in the 
range of 40% [9]. Thus, even though surgical 
intervention is the accepted treatment, it is by 
no means universally successful, and ample 
room exists for other approaches. 

Occasionally a patient with an intrathoracic 
esophageal disruption is seen in whom an 
attempt at nonoperative management seems 
appropriate. Criteria for considering such an 
approach are as follows: (1) The esophageal 
disruption should be well contained within 
the mediastinum or between the mediastinum 
and visceral lung pleura. (2) The cavity should 
be well drained back into the esophagus. (3) 
Minimal symptoms should be present. (4) 
There should be minimal evidence of clinical 
sepsis. If these criteria are met, a conservative 
approach is reasonable, as indicated by our ex- 
perience with 8 patients. Obviously, there is a 
great deal of room for clinical judgment con- 
cerning the presence or absence of sepsis: in 
this series, leukocytoses as high as 17,000 per 
cubic millimeter and fevers as high as 40°C 
were seen. Antibiotic therapy and intravenous 
hyperalimentation are the main thrusts of 
nonoperative management. Gentamicin, clin- 
damycin, and penicillin can eliminate all of the 
aerobes and anaerobes that are encountered in 
the oral cavity and gastrointestinal tract, and 
this combination of antibiotic therapy is the re- 
gimen of choice. Intravenous hyperalimenta- 
tion is important in placing the patient in posi- 
tive nitrogen balance so that infection can be 
more readily controlled and wound healing en- 
couraged. One patient in this series remained 
on intravenous fluids for 38 days before resum- 
ing oral intake; success without hyperalimen- 
tation would have been unlikely. Nasogastric 
suction was used in only 1 patient. When gas- 
tric emptying is normal and an ileus is not 
present, a nasogastric tube is not necessary and 
can actually induce gastroesophageal reflux. 

In 5 of the 8 patients in this series, the selec- 
tion of nonoperative management was rela- 
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tively easy. The esophageal disruptions were 
not detected until 6 to 9 days after they had 
occurred or after esophageal operation, and the 
patients had already demonstrated that they 
were tolerating the injury well. In the remain- 
ing 3 patients, however, the disruptions were 
diagnosed 8 hours, 2 days, and 3 days after they 
had occurred and the decision as to the method 
of management was more difficult. However, 
because all 3 patients met the four criteria al- 
ready listed, nonoperative management was 
selected. As more experience is gained with 
nonoperative treatment, we believe more pa- 
tients with esophageal disruptions detected 
early will be started on the regimen if the four 
criteria are fulfilled. 

The proportion of patients with esophageal 
perforations suitable for nonoperative man- 
agement is difficult to estimate. During the past 
ten years, 9 patients with Boerhaave’s syn- 
drome were seen, and 2 were treated nonop- 
eratively. Esophageal perforations resulted from 
esophageal dilatation in approximately 5 pa- 
tients, 1 of whom was treated nonoperatively. 
Approximately 10 patients leaked follow- 
ing esophageal operation, and 5 were treated 
nonoperatively. (Because of the small numbers 
of patients involved, these proportions may 
not be entirely accurate.) The frequency with 
which this method of management has been 
used has increased at this institution in recent 
years. Eight patients were managed nonop- 
eratively during a nine-year period, 7 of them 
during the past five years and 4 during the 
past two years. In no other patients was this 
treatment regimen started and then later aban- 
doned for thoracotomy because of failure. 

In recent years others have advocated man- 
aging esophageal disruptions without thora- 
cotomy. A recent retrospective review compared 
the results of management of 18 patients 
with esophageal perforations secondary to 
a variety of insults treated by thoracotomy 
with 11 patients managed without major thora- 
cotomy [5]. Mortality was 38% in the group 
managed surgically, and only 9% in the con- 
servatively managed patients. Most of these 
patients did not have contained esophageal dis- 
ruptions, and pleural drainage was used. In an- 
other series of 21 patients with intrathoracic 


esophageal perforations secondary to endos- 
copy, 18 were managed with antibiotics and 
without operation [6]. Pleural drainage was 
employed if a hydrothorax was present. Mor- 
tality in this series was only 6%. Isolated case 
reports of survival following nonoperative 
management of intrathoracic esophageal dis- 
ruptions, and advocating this approach, have 
also appeared recently [2, 3]. Apparently, be- 
cause of the less than satisfactory results of 
routine thoracotomy for esophageal disrup- 
tions, surgeons have cautiously explored other 
treatment regimens. When the disruption is not 
contained and when there is free pleural or 
mediastinal contamination or both, it is still not 
clear to us which approach is preferable. Possi- 
bly the length of time that has lapsed before 
diagnosing the perforation will be the deciding 
factor. However, when the disruption is clearly 
contained and is well drained back into the 
esophagus, and when symptoms and signs of 
infection are minimal, nonoperative manage- 
ment with intravenous antibiotics and 
hyperalimentation is the treatment of choice. 
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Y-Grafts and Sequential 
Grafts in Coronary 


Bypass Surgery: 


A Critical Evaluation of Patency Rates 


Thomas J. Yeh, M.D., Dariush Heidary, M.D., 
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ABSTRACT In a series of 584 patients undergoing 
coronary bypass, 425 patients received Y-grafts, se- 
quential grafts, or a combination of the two. The 
saphenous veins from the legs frequently had Y- or 
double Y-branches suitable for bypasses. As many 
as 5 grafts have been served satisfactorily by a single 
proximal anastomosis. Simultaneous procedures in- 
cluded 45 left ventricular aneurysmectomies, 18 
valve replacements, 7 carotid endarterectomies, re- 
pairs of a ventricular septal defect, an acute dissec- 
tion, and coronary arteriovenous fistulas, with a 
total surgical mortality of 6 (1.4%). Restudy to de- 
termine graft patency was undertaken only in the 59 
patients with unsatisfactory surgical results. These 
patients represent the worst 10% of the series in 
terms of surgical results. The patency rate for prox- 
imal anastomoses was 93%; Y-branchings, 93%; 
distal end-to-side anastomoses, 89%; and distal 
side-to-side anastomoses, 89%. Fifty-eight patients 
(98%) had at least 1 patent graft, and in 47 patients 
(80%) all anastomoses were patent up to six years 
after operation. Six patients underwent reoperation 
without any deaths. 


During the seven-year period 1971 to 1978, Y- 
grafts and sequential grafts were employed ex- 
tensively in aortocoronary bypasses. Several 
authors have reported on the advantages of se- 
quential grafts and the patency rates of the 
side-to-side anastomosis [1-3, 5, 7, 9]. Rela- 
tively little has been written about Y-grafts 
[5, 6, 9]. Naturally formed Y-branches in the 
saphenous vein have been found to be frequent 
occurrences. To our knowledge, their use in 
coronary bypass grafts has not been reported. 
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Y-grafts offer most of the advantages of se- 
quential grafts with few of the disadvantages. 


Material and Method 

In a series of 584 consecutive patients who had 
aortocoronary bypass operations, 425 received 
Y-grafts, sequential grafts, or a combination of 
the two. Approximately 20% of the patients 
underwent operation on an urgent or emer- 
gency basis because of unstable angina, ste- 
nosis of the left main coronary artery, or its 
equivalent. Concomitant procedures were re- 
quired in 76 (18%) of the 425 patients and in- 
cluded 45 left ventricular aneurysmectomies 
(11%), 18 valve replacements (4%), 7 carotid 
endarterectomies, repairs of a ventricular septal 
defect, an acute aortic dissection, coronary ar- 
teriovenous fistulas, and an innominate artery 
bypass. 

A restudy to determine graft patency was 
recommended only for patients in whom surgi- 
cal results were unsatisfactory as judged by the 
cardiologist. Fifty-nine patients were restudied 
one month to six years following bypass proce- 
dure. The patency rates of various anastomoses 
were calculated from the data obtained on these 
59 patients. 


Technical Considerations 

The saphenous vein was harvested from the 
ankle up toward the knee. Thigh veins were 
seldom used. Naturally formed Y-branches 
were found in the legs in more than 50% of 
the patients. Occasionally two or three such 
branches are found in one vein. A 2 cm length 
of a branch is adequate for a bypass. When Y- 
branches could not be found, sequential grafts 
were used. Incision in the vein for side-to-side 
anastomosis was always made longitudinally to 
avoid constriction at the anastomotic site [4]. 
The angle of crossing between the vein graft 
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Aortocoronary quadruple and quintuple bypasses using 
Y-grafts, sequential grafts, or a combination of the two. 
(lad = left anterior descending coronary artery; m, = 
first marginal artery; m, = third marginal artery; d = 
diagonal artery; rpd = right posterior descending artery; 
im = intermediate artery; r= right coronary artery; d, = 
first diagonal artery; d» = second diagonal artery.) 


and the artery ranges from parallel to a right 
angle. In both Y- and sequential grafts, care was 
taken to avoid angulation, tension, and twist- 
ing of the vein grafts. Correct anatomical re- 


lationship between the artery and vein was 
judged with the vein distended. For a proximal 
anastomosis, a small ellipse of tissue was re- 
moved from the aortic wall. In some patients, a 
single proximal anastomosis served 4 to 5 distal 
anastomoses. The Figure depicts some repre- 
sentative arrangements. 


Results 


The average number of grafts was 3.29 per pa- 
tient. The relationship between the number of 
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Table 1. Number of Patients According to the Number of Proximal and Distal Anastomoses 


ee Ss nn EEE 


No. of Distal Anastomoses 


No. of Proximal 


Anastomoses Double Triple 
Single 82 59 
Double 137 
Triple 

Total 82 196 





Quadruple Quintuple Subtotal 
16 4 161 
94 30 261 
3 3 
113 34 425 


i i ein eae A 


patients and the proximal and distal anas- 
tomoses is shown in Table 1. Among the 425 
patients in whom Y-grafts, sequential grafts, or 
both were used, there were 6 deaths, an overall 
mortality rate of 1.4%. Two of the deaths oc- 
curred in salvage patients in whom exten- 
sive generalized atherosclerosis involved the 
carotid, peripheral, and renal arteries. Another 
patient had replacement of a mitral valve, re- 
section of two separate left ventricular aneu- 
rysms, and triple bypass grafts all in one ses- 
sion. One patient was operated on during an 
acute infarction. The other 2 deaths were in pa- 
tients with no additional factors to make them 
high-risk patients. 

It was found that the greater the number of 
grafts a patient received the less likely he was to 
need a restudy. Whereas the restudy rate for the 
patients receiving single or double bypasses 
was 12.5%, it was 9.3% for the patients with 
triple bypass grafts and 7% for those receiving 4 
or 5 grafts. 

In the 59 patients restudied, there were 102 
proximal and 158 distal anastomoses. Of the 
distal anastomoses, 130 were end-to-side and 
28 were side-to-side. Endarterectomy was done 
in 14 of 130 end-to-side anastomoses. The pa- 
tency rates for the various types of anastomosis 
are tabulated in Table 2. Endarterectomy pre- 
disposed to a lower patency rate, 64% com- 
pared with 92% when endarterectomy was not 
employed. For the patients operated on since 
1974, the patency rate was 91% compared with 
85% for those done before 1973. The difference 
is explained almost totally by elimination of 
endarterectomy in the latter group. The dura- 
tion of time between operation and restudy did 
not influence the patency rates to any extent 
(Table 3). 


OF RQA nationte rectudied 47 (79.7%) were 


Table 2. Patency Rates of 
Various Anastomoses in 59 Patients Restudied 











Patency 
Total No. Rate 

Anastomosis No. Occluded (%) 
Proximal 102 7 93 
Distal 158 1 89 

End-to-side 130 14 89 

Side-to-side 28 a 89 
Y-branching 29 2 93 
Table 3. Patency Rate versus 
Age of Grafts* When Restudied 

Patency 

Age No. of No. of Rate 
(yr) Patients Grafts Occluded (%) 
0-1 24 23 8 89 
1-2 13 27 0 100 
2-3 8 18 2 89 
3—4 4 7 0 100 
4-5 6 9 1 89 
5—6 4 10 1 90 

Total 59 144 12 91.6 





“Excluding 14 anastomoses with thromboendarterectomy. 


found to have all grafts patent, and 58 patients 
(98.3%) had some functioning grafts. In 1 pa- 
tient all grafts were found to be closed. Reoper- 
ation was carried out in 6 patients (10% of 
restudy group, 1% of total series) without a 
death. 


Comment 

Each Y-branch or side-to-side anastomosis used 
translates into one less proximal anastomo- 
sis, with a reduction of 10 to 15 minutes of the 
pump and operating times and a saving of 
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up to 10 cm of the segment used for the vein 
graft. The theoretical disadvantage of a se- 
quential graft is that an occlusion of a proximal 
anastomosis can result in the closure of all the 
distal anastomoses. In practice, the proximal 
anastomosis as the primary site of graft closure 
has been rare, and since it became our routine 
to excise an ellipse of tissue from the aortic wall 
for anastomosis, this problem has been elimi- 
nated. In 1 patient in whom the proximal seg- 
ment of the vein became occluded, the distal 
vein segment between the 2 distal anastomoses 
remained patent. At reoperation, a new bypass 
was inserted into this bridge of vein. The Y- 
grafts have an additional advantage over se- 
quential grafts in that none of the theoretical 
objections to side-to-side anastomosis applies. 
Naturally formed Y-branching is hemodynami- 
cally sound. 

Analysis of Table 2 indicates that most of the 
graft failures occur during the first year. A 
longer follow-up showed no further decrease in 
patency rate. The figures also indicate that in 
most cases, the persistence or recurrence of 
symptoms cannot be attributed to graft closure, 
but rather to the development of new lesions or 
progression of preexisting mild lesions. This 
conclusion is in agreement with the findings of 
Seides and co-workers [8]. 

After our study, we reached the following 
conclusions: 


1. In 59 patients in whom restudy was done for 
unsatisfactory results from aortocoronary 
bypass, 89% of the grafts were found to be 
patent. Fifty-eight patients (98%) had some 
functioning grafts, and 47 patients (80%) 
had all grafts patent. 

2. Side-to-side anastomosis has the same pa- 
tency rate as end-to-side anastomosis. 

3. Naturally formed Y-branching suitable for 


bypass can be found in the saphenous veins 
in the leg in more than 50% of patients. 

4. Proximal anastomosis and Y-branching is 
seldom the primary site of graft closure. As 
many as 5 distal anastomoses can be served 
by a single proximal anastomosis. 

5. Unsatisfactory surgical results are not due to 
graft closures, as a rule. The causes must be 
looked for elsewhere and include progres- 
sion of mild lesions, development of new 
lesions, previously damaged left ventri- 
cle, postpericardiotomy syndrome, musculo- 
skeletal pains, or neurotic complaints. 
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If people can 


90 on diets, 
so can pacemakers. 


The way we look at it, if being smaller 
and lighter is good for people, it’s good 
for pacemakers. 

Introducing our S 3000. 

The S 3000 is the lightest, smallest 
series of pacemakers we have ever offered. 
With a trifling 12mm thickness. And weighing 
in at a trivial 52 grams. 

Of course, its slim size and shape 
should not be the only reason for you to 
consider the Vitatron S 3000. 

Consider, too, the S 3000 pacemaker 
has well-proven reliability in its energy- 
conserving discrete circuitry and the universal 
Dutch connection which accepts virtually all 
leads without adaptors. 

And the fact that the S 3000 is laser 
welded. Exceptional biocompatibility with an 
all-titanium can and epoxyless construction. 

Our new S3000. A combination of 
outstanding economy and proven electronics 
in a small, neat package. 

For complete technical data, write 
Vitatron Medical b.v., PO. Box 76, 
Kanaalweg 24, Dieren, The Netherlands. 

In the United States: Vitatron Medical Inc., 
One Gateway Center, Newton, MA 02158. 
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CPFS NEW POROUS TIP 
LEAD: THE PROBLEM SOLVER 


For sensing the tip’s porosity Low Dislodgement Rate 
allows maximum use of the 


effective sensing area—more Eff icient Sensing and 
ee exterior and Pacing...the Problem 
interior surfaces. Presence of 
tissue and fluid within the tip  22/ver from CPI. 
reduces polarization losses. The 
electrode transmits a larger R- 
wave, so it offers a sensing 

CPI addressed the problem of advantage. 

lead dislodgement and designed 

the problem solver: a unique 

porous electrode. The tip 

consists of a platinum-iridium 

screen covering a mesh ball of 

the same alloy. Optimally-sized 

fibers give 85-90% porosity so 

tissue ingrowth knits the tip to 

the endocardium. Within 24 

hours post-implant, the 

electrode begins its embedment. 


Clinical studies have demon- The platinum-iridium mesh i 
strated markedly reduced fibers are 25um in diameter, Shown 24 hours post-implant, a cross 


i : ; i i i i sectional 100X magnification of the 
dislodgementwiththeporoustip @P proximating cardiac cell size porous tip-canine tissue interface. A 


lead. In animal trials, the and thus minimizing tissue fibrinoid collagen capsule has pene- 

dislodgement rate was signif- reaction.’ The electrode trated the outer lattice. Optimally 

icantly lower than the solid tip becomes an integral part ofthe spaced platinum-iridium fibers have 

control group." endocardium. Similar success allowed electrode ingrowth to begin. 
i has been experienced with 

Histologic studies show tissue Dacron fibers of the same size 

ingrowth in the acute phase, used in artificial heart valves. 


resulting in a secure electrode- ; : 
J Biocompatible size and quick 


tissue bond chronically, with a atit 
noticeably thinner pena Seog stabilization mean the electrode 


structured fibrotic capsule that Causes very little endocardial 


- T irritation. Our histologic studies 
increases sensing capability reveal that the fibrotic capsule 


surrounding the porous tip is 
significantly thinner than the 
capsule around a solid tip. The 
capsule is typically more 
Structured, further indication of 


this electrode’s biocompatibility. Shown five months post-implant, a 


x r cross sectional 100X magnification of 
Slimming the fibrotic capsule has the porous tip-canine tissue interface. 


significant results—the cardiac Dense connective tissue has penetrate 
signal amplitude and slew rate the intraelectrode spaces. The fibrotic 
remain high, so the lead senses capsule measures about 300 microns 


: i reliably in the chronic phase. URONNESS: 
For pacing the 7.5mm?tip offers 


reduced current drain, increas- 
ng the longevity of constant 
voitage pulse generators. 


(C)1979 Cardiac Pacemakers, Ine 





CPI POROUS TIP ENDOCARDIAL 
LEADS Models 4115, 4116 and 
4117 are available in 52, 59 and 

: 85 cm lengths, respectively. All 
are unipolar, with double-wound 
conductors of corrosion 
resistant MP35N nickel alloy. 
Silicone rubber sheaths the 
conductors and ends in a flange 
behind the porous platinum- 
iridium tip. The outer screen of 
fibers 4 in diameter secures 
the electrode mechanically and 


assures less traumatic bonding 
with endocardial tissue. Fibers 
of the interior mesh are 25um in 
diameter to reduce tissue 
reaction and promote sensing. 
The unique porous tip is 
constructed by an advanced 
bonding technique, which fuses 
the wire bonds and maintains the 
integrity of the platinum-iridium 
electrode without compromising 
the random configuration. 


Cardiac Pacemakers, Inc 

4100 North Hamline Avenue 
P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A 
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Whera low S.M.1. . 

starting flow rate is See 

desired; the patient raises 

only the ball in the first chamber. 

The resting pesition of the second 

chamber ball indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.I. flow rate is appropriate, 


the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 





m, incentive 
Deep-Breathing 
Exerciser 


Brand 


that: 

al: 

m enitors The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 

and hypoxemia— major respiratory complications of 

S SMI abdominal and thoracic surgery!? 

Sustai®d Maximal Triflo II provides a unique, lightweight monitoring system 

Inspiration for slow S.M.1. When used as directed, Triflo II supports 
“...the most efficacious maneuver available for preventing 
and reversing alveolar collapse’? with minimal risk of 


“...8f0ss Over-distention and possible rupture of patent 
alveoli during maximal hyperinflation”? 


me asures Approximate measurement of patient progress can be 
made and recorded by charting volume inspired per 
~ second: light blue (600 cc/sec)*; medium blue 
| el leat (900 cc/sec)*; dark blue (1200 cc/sec)* 
The physician, therapist or patient can evaluate progress 
DI@gress quickly and efficiently, at a glance. 
*Volume inspired/Time (sec.) 
metivates Triflo II is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
Š improvement through the use of the three chamber 
1 @ thr ee- system. Lightweight, economical, compact, easy to 


assemble, easy to use... requires minimum instruction, 


hal | ber minimum supervision.. .ideal in the hospital or at home. 
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INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse forma 
tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart block unre 
sponsive to drug therapy 

PRECAUTIONS Implanted pacemakers have a finite and rela 


tively wide variable service life as a result of factors such as the 


initial capacity of the battery and the shelf storage time of the 


manufactured pacemaker; variations in e ectrode system resis- 
tances, stimulation rate, and the percentageof time the im- 
planted pacemaker is inhibited; and random electronic 
component failures 

Pacemaker operation can be influenced by electric, magne 
tic, or electromagnetic energy mimicking normal cardiac ac- 
tivity. In addition, certain environmental sources can couple 
sufficient energy into a pacemaker system to damage the pulse 
generator. Specifically, diathermy should not be used on 


pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib 
rillation; defibrillation can damage the pacemaker, and the 


presence of the pacemaker may cause increased cardiac muscle 
damage from defibrillation. Certain electrical and gasoline 
powered appliances can cause inhibition of an implanted 
cardiac pacemaker system 

For complete precautions, see the Physician's Manual for 





the Intermedics cardiac pulse generator to be used. 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported 

Neither of the models pictured are cardiac pacemaker 
patients. 


You want her pacemaker 


to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.” 





A thinner, lighter pacemaker 


for your patient’s well being. 


No one has to tell you that a 
pacemaker implant raises a 
number of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, “How much will it show?” 
At Intermedics, we are cognizant of 
this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you the 
reliability of our CMOS circuitry in 
a trimmer, more compact size. 
Yes, the ThinLiths employ the 
same dependable CMOS circuitry 
proven successful in our other 
Intermedics pulse generators. In 
addition, the lighter weight, 
reduced thickness and smoothly 
rounded corners reduce pocket 
bulge and add to the post-operative 
comfort of your patients. Also, the 


ThinLith design helps to reduce 
skin pressure necrosis and the 
chances of pacemaker migration 
within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients’ concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those 
designer originals. Contact your 
Intermedics representative for 
more information on the ThinLith 
series. 

Typical dimensions of the ThinLiths 


Height Width Thickness Weight Volume 


cm) (cm) (cm) (g) (cm3) 
ThinLithI* 6.6 4.6 1.1 78 30 
ThinLith II* 6.0 4.6 1.1 68 27.5 
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ThinLith III 5.1 4.6 


The ThinLith. 


Part of a Superior Pacing 
System From Intermedics. 


4@ Intermedics Inc. 


P.O. Box 617 
Freeport, Texas 77541 


Our business is life. 


ThinLith is a trademark of Intermedics, Inc 
© Copyright 1979, Intermedics, Inc., Freeport, Texas 


* The ThinLith I and ThinLith II models 
(225-01 and 227-01) now carry a Patient 
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Aorta—Pulmonary Artery 


Shunts with 


Expanded Polytetrafluoroethylene (PTFE) Tube 


Katsuhiko Miyamoto, M.D., Claudio Zavanella, M.D., 
A. Norman Lewin, M.D., and S. Subramanian, M.D. 


ABSTRACT Ten patients underwent an aorta- 
pulmonary artery shunt with a polytetrafluo- 
roethylene (PTFE) tube between December, 1976, 
and October, 1977. Five of them were less than 1 
month old. The diameter of the PTFE tube was 5 mm 
in 9 patients and 4 mm in 1 patient. Seven patients 
survived the operation. One of them had a clotted 
shunt, which was reoperated on successfully. Three 
patients died in the postoperative period, and all had 
a patent shunt. Overall patency was 90% (9/10). Con- 
gestive heart failure refractory to medical treatment 
developed in 1 patient with a patent Blalock-Taussig 
and PTFE shunt. In our institution, the Blalock- 
Taussig shunt is the procedure of choice. The PTFE 
shunt is used when the anatomy of a patient is un- 
suitable for a Blalock-Taussig shunt. A tube diame- 
ter of 5 mm is optimal for infants when further 
growth is considered, even if digitalization is neces- 
sary to control congestive heart failure. 


Recent advances in congenital heart operations 
allow for early primary correction of lesions as- 
sociated with decreased pulmonary blood flow. 
Palliative shunt procedures, however, play an 
important role in the treatment of some criti- 
cally ill infants. The Waterston shunt has been 
widely used in infants since it was described in 
1962 [10] because of its wide adaptability in 
anatomy and the low incidence of thrombosis. 
Congestive heart failure (CHF) due to excessive 
blood flow and development of pulmonary vas- 
cular obstructive disease, however, are not un- 
usual occurrences [3, 6, 7]. On the other hand, 
the Blalock-Taussig shunt, in spite of the low 
incidence of pulmonary vascular obstructive 
disease, has been used infrequently in infants 


From the Department of Cardiovascular Surgery, Children’s 
Hospital, Buffalo, NY. 


Accepted for publication Aug 28, 1978. 


Address reprint requests to Dr. Subramanian, Division of 
Cardiovascular Surgery, Children’s Hospital, 219 Bryant St, 
Buffalo, NY 14222. 


aan AANA AMF INANE naan AraenAA AE A ANT70 Le. Vatersthilba Mivwramata 


for technical reasons. Even if these problems 
can be resolved, there are patients with an 
anatomy unsuitable for the construction of a 
Blalock-Taussig shunt. 

Several arterial substitutes have been evalu- 
ated for small arteries [1, 4, 5, 8, 11]. Of these, 
expanded polytetrafluoroethylene (PTFE) tubes 
are good substitutes for small arteries and have 
been used for shunts between the aorta and the 
pulmonary artery [2]. 

This report describes our experience in 10 
patients with an aorta—pulmonary artery shunt 
using a PTFE tube, and compares this shunt 
with the Blalock-Taussig and the Waterston 
shunts. 


Clinical Material 

Ten patients, 9 boys and 1 girl, underwent an 
aorta—pulmonary artery shunt with a PTFE tube 
between December, 1976, and October, 1977. 
Age at operation ranged from 1 day to 10 
years old. Five of the patients were less than 1 
month old. Patient data are presented in Table 
1. All patients had cardiac catheterization and 
angiocardiography before operation. Arterial 
oxygen saturation (SaO,) ranged from 56 to 75% 
(mean, 68.8%). All patients had a left-sided 
aortic arch. Patient 1 had an aberrant subcla- 
vian artery. In Patient 2, the left subclavian ar- 
tery bifurcated early into a very large vertebral 
branch. In Patient 9, the right main pulmonary 
artery was situated lower, between the superior 
and inferior pulmonary veins. The diameter of 
the PTFE tube was 5 mm in 9 patients and 4 mm 
in 1 patient. The length of the tubes ranged 
from 3 to 7 cm. 

Seven patients had an ascending aorta—right 
pulmonary artery anastomosis. Three patients 
(Patients 2, 3, 10) with a previous right Bla- 
lock-Taussig shunt or right thoracotomy for 
a Waterston shunt had a descending aorta-—left 
pulmonary artery anastomosis. Seven patients 
had a postoperative angiocardiogram. 
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Table 1. Data on 10 Patients Undergoing PTFE Shunt 
a a a E E VEA LS ee ee ee 


PTFE Shunt 
Patient Weight Previous 
No. Age (kg) Diagnosis Operation Side Diameter (mm) 
1 ld 3.6 HRV, pulm. atresia, ACA, BAS R 5 
PDA 
2 10 yr 30.8 TF, AV canal R BT L 5 
3 4 yr 20.5 Tricuspid atresia, PS Waterston L 5 
4 2d 3.8 TGA, VSD, pulm. atresia, > cs R 5 
PDA 
5 10 d 3.6 TGA,.PS, PDA BAS x 2 R + 
6 1 yr 7.6 TF R 5 
7 5 mo 2.9 TGA, VSD, PS R 5 
8 2d 2.6 Pulm. atresia, VSD, PDA R 5 
9 6 mo 5.8 IF TP R 5 
10 12 d 3.9 Pulm. atresia, VSD, PDA R BT L 5 





PTFE = polytetrafluoroethylene; HRV = hypoplastic right ventricle; Pulm. = pulmonary; ACA = absence of coronary 
arteries; PDA = patent ductus arteriosus; BAS = balloon atrial septotomy; R = right; TF = tetralogy of Fallot; AV = 
atrioventricular; BT = Blalock-Taussig shunt; L = left; PS = pulmonary stenosis; TGA = transposition of the great arteries; 


VSD = ventricular septal defect. 


Method 

The basic plan of management of all shunts in 
infants is as follows: In ductus-dependent pa- 
tients, the administration of prostaglandin E, is 
initiated at the end of cardiac catheterization 
and is continued during operation until the 
shunt is completed. Ketamine hydrochloride is 
used for induction of anesthesia to prevent pe- 
ripheral vasodilatation and a consequent in- 
crease in the right-to-left shunt. Levophed 
(levarterenol) is administered at operation and 
continued for one day after operation to in- 
crease blood flow through the shunt by main- 
taining a high central aortic pressure of more 
than 80 mm Hg (mean pressure). When the 
shunt is on the same side as the aortic arch, the 
tube is curved cephalad and is fixed to the 
thymic tissues to prevent kinking and to facili- 
tate ligation during corrective operation. The 
tube is irrigated with heparin solution. Heparin 
(1 mg/kg of body weight) is given intravenously 
before the vessels are clamped and is continued 
for two days after operation. 


Results 

Seven patients survived the operation (Table 2). 
Six of them had patent shunts, confirmed by 
aortogram in 5 (Figure). The other had a con- 


tinuous shunt murmur. In Patient 7, the lung 
was somewhat congested in spite of low ten- 
sion in the right pulmonary artery. This raised 
the question of the presence of a small foramen 
ovale; however, since the atrial pressures at car- 
diac catheterization were found to be equal, the 
Blalock-Hanlon operation was not performed. 
The shunt murmur disappeared and the SaO, 
decreased on the second postoperative day. A 
restudy showed a thrombosed shunt and an 
intact atrial septum. Reoperation was done, 
clots were removed from the tube, and a 
Blalock-Hanlon septectomy was done. Heparin, 
not used at the first operation, was given at 
this time. Thirteen months after operation, the 
patient had a loud shunt murmur. 

Congestive heart failure developed in 5 sur- 
vivors and was treated with digitalis. The other 
2 survivors (Patients 6 and 8) received digitalis 
as a prophylaxis. While the cardiothoracic ratio 
in the 5 patients with CHF increased from 56.7 
to 61.7% after operation, CHF was well con- 
trolled except in Patient 10. He had a right 
Blalock-Taussig shunt when he was 1 day old 
but there was no improvement. A left PTFE 
shunt was added 11 days later, with a marked 
increase in SaO». CHF, refractory to medical 
treatment, developed two weeks later. An aor- 
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Table 2. Results of PTFE Shunting in 10 Patients 


ee eS a Em! 


SaO, (%) 
Patient — 
No. Preop. Postop. Patency Outcome 
1 75 79 P (ACG) Died of myocardial ischemia 28 d postop. 
2 56 86° P (ACG) Doing well (1 yr 4 mo postop.) 
3 io 80° P (ACG) Doing well (1 yr postop.) 
4 67? 79s P (ACG) Doing well (1 yr 3 mo postop.) 
5 io 90 P (PM) Died with respiratory complications 26 d 
postop. 
6 76" 87? P (ACG) Doing well (6 mo postop.) 
7 767 — 327 — 81 O — P (ACG > Doing well (1 yr 1 mo postop.) 
shunt murmur) 
8 62° 75 P (shunt murmur) Doing well (1 yr 1 mo postop.) 
9 67 93 P (PM) Died of chest bleeding 2 d postop. 
10 59a 86° P (ACG) CHF (5 mo postop.) 
Average 68.8 83.2 





4Measured at cardiac catheterization. 


PTFE = polytetrafluoroethylene; SaO, = arterial oxygen saturation; P = patent; ACG = angiocardiography; PM =postmor- 
tem examination; O = occluded; CHF = congestive heart failure. 





Aortograms showing descending aorta—left pulmonary 
artery shunt two weeks after operation in Patient 3. 
(A) Anteroposterior view reveals adequate flow into 
both pulmonary arteries and (B) lateral view shows 
anterior curve and no kinking of the shunt. 
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togram showed patency of both the Blalock- 
Taussig and the PTFE shunts. The patient im- 
proved gradually under medical treatment and 
was discharged 2 months after operation. 

Three patients died after operation. Patient 1 
had a hypoplastic right ventricle, pulmonary 
atresia, intact ventricular septum, patent duc- 
tus arteriosus, and absence of coronary arteries. 
He underwent a right PTFE shunt. On the sec- 
ond postoperative day, an electrocardiogram 
showed an anterolateral myocardial infarction. 
An aortogram done 25 days after operation 
showed a patent shunt and absent coronary ar- 
teries. The patient died 28 days after operation. 

A right pneumothorax developed in Patient 5 
after surgical debridement of a wound infec- 
tion. There was progressive deterioration of 
respiratory and nutritional status leading to 
death 26 days after operation. At postmortem 
examination, the PTFE tube was patent. The 
cause of death was bilateral bronchopneumo- 
nia. 

Patient 9, whose parents were Jehovah's Wit- 
nesses, had massive bleeding from intercostal 
and bronchial vessels in the immediate post- 
operative period. The chest was reopened and 
hemostasis was completed. The hematocrit was 
15.3% but transfusions were denied. The pa- 
tient died 2 days after operation. At postmor- 
tem examination, the PTFE tube was patent. 

Overall patency was 90% (9/10). All patients 
but 1 had an increase in SaO, after operation 
(see Table 2). In Patient 7, it decreased to 32% 
on the second postoperative day, but rose to 
81% after revision of the shunt and the 
Blalock-Hanlon septectomy. The mean SaO, in 
all patients was 68.8% before operation and 
83.2% after operation. 


Comment 

The use of PTFE as a venous prosthesis in pigs 
was reported by Soyer and co-workers [9] in 
1972. Since 1973 when Matsumoto and as- 
sociates [5] experimented with this material as 
an arterial substitute in dogs, a high rate of pa- 
tency has been reported [1]. Gazzaniga and 
co-workers [2] reported the clinical use of PTFE 
tubes for aorta~-pulmonary shunts in 1976. The 
improved patency rate is based on optimal 
porosity, which allows suitable tissue ingrowth 


anc formation of intima. Besides providing a 
higner patency rate, PTFE tubes are easy to 
handle and suture. Based on the high patency 
in cur series, we believe that PTFE is a good 
substitute for small arteries. A tube diameter of 
5 mm is optimal and allows for growth in in- 
fants. 

Some patients do require digitalis for control 
of CHF, as did 5 patients in our series. Only in 
the patient with two functioning shunts was 
CHF refractory to medical treatment. Heparini- 
zation is desirable for PTFE shunts in the post- 
operative period. In 1 of our patients who was 
not heparinized, the tube thrombosed. After 
thrombectomy and Blalock-Hanlon septectomy, 
heparin was administered. The shunt remained 
open. 

Although experience is limited, we believe 
that the PTFE shunt will have a low incidence 
of pulmonary vascular obstructive disease simi- 
lar to that reported for subclavian artery- 
pulmonary artery shunts by Neufeld and col- 
leagues [7]. In PTFE shunts, both the fixed 
orifice and the length of the tube serve to re- 
duce the pressure head from the aorta. In con- 
trast, in shunts of the Waterston or Potts type in 
which the aortic pressure is delivered directly 
to the pulmonary bed, the incidence of pulmo- 
nary vascular obstructive disease is known to 
increase significantly with the passage of time. 

In our institution, the Blalock-Taussig shunt 
is the procedure of choice. There are patients, 
however, whose anatomy makes them less than 
ideal candidates for this shunt. They have a 
small or short subclavian artery, an aberrant 
right subclavian artery, and a high cervical aor- 
tic arch. In such patients and in those in whom 
previous Blalock-Taussig shunts have failed, 
the PTFE shunt is an acceptable alternative. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Hilton Palacio Del Rio Hotel, San 
Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
cians except for guest speakers, authors and 
co-authors on the program, and residents. 
Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1979, to Richard E. Clark, M.D., 
Suite 3108, Queeny Tower, 4989 Barnes Hospi- 
tal Plaza, St. Louis, MO 63110. Abstracts 
should be double-spaced on one side of one 


sheet of paper, with a 1-inch left margin, and 
limited to 200 words. All slides used during the 
presentation must be 35 mm. The abstract must 
list a member as a co-author. Manuscripts of 
accepted papers must be submitted to The An- 
nals of Thoracic Surgery by Oct 15, 1979. 

Applications for membership should be 
completed by Sept 1, 1979, and forwarded to 
Thomas O. Gentsch, M.D., 1150 NW 14th St, 
Miami, FL 33136. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 


Surgical Experience with Unroofed Coronary Sinus 


Jan Quaegebeur, M.D., John W. Kirklin, M.D., Albert D. Pacifico, M.D., 


and Lionel M. Bargeron, Jr., M.D. 


ABSTRACT Between January, 1967, and October, 
1977, we performed intracardiac repair in 24 patients 
with unroofed coronary sinus. Eight patients had the 
so-called pure form of the syndrome, with the con- 
comitant findings of total absence of the partition 
between the coronary sinus and left atrium, connec- 
tion of the left superior vena cava (LSVC) to the 
upper left corner of the left atrium, and a coronary 
sinus type of atrial septal defect. In 2 additional pa- 
tients this combination was repaired, along with re- 
pair of the common atrium in 1 and tetralogy of 
Fallot in the other. In 4 patients with either a partial 
or complete atrioventricular canal defect, only the 
distal or downstream portion of the sinus was un- 
roofed so that the coronary sinus ostium was consid- 
erably to the left of its usual location. In 6 patients, 5 
of whom had situs ambiguous, the unroofed coro- 
nary sinus was associated with complex congenital 
heart disease, and in 5 there was a L(contralateral) 
SVC. Three of these 6 patients died. 

The basic repair consists of roofing the coronary 
sinus from within the left atrium, so that the LSVC 
drains through the newly created coronary sinus and 
its ostium into the right atrium. In the absence of a 
LSVC, the basic repair is simply closure of the coro- 
nary sinus atrial septal defect. This leaves the coro- 
nary veins draining into the left atrium. 


In 1965, repair of an unroofed coronary sinus in 
a patient who also had a left superior vena cava 
(LSVC) and common atrium was reported [4]. 
Between January, 1967, and October, 1977, we 
carried out intracardiac repair in 24 patients 
with unroofed coronary sinus occurring either 
as an isolated anomaly or in combination with 
other simple or complex cardiac malformations. 
A method of surgical identification and man- 
From the Departments of Surgery and Pediatrics, Univer- 
sity of Alabama Medical Center, Birmingham, AL. 


Presented at the Twenty-seventh International Congress of 
the European Society of Cardiovascular Surgery, July 1, 
1978, Lyon, France. 


Accepted for publication Aug 9, 1978. 


Address reprint requests to Dr. Kirklin, Department of Sur- 
gery, University Station, Birmingham, AL 35294. 


aan NNAN LANG IFNINET NAAN NOMNA AP OO AN Y m~ 


agement has evolved, the latter based on repair 
by “roofing” the coronary sinus when a LSVC 
is associated with the unroofed sinus [4] or by 
simple closure of the interatrial communication 
that is present. 


Material 

The operative notes on all patients undergoing 
repair of congenital cardiac defects at the Medi- 
cal Center of the University of Alabama in Bir- 
mingham between January, 1967, and October, 
1977, were reviewed. We searched for patients 
who had a defect in the partition between the 
coronary sinus and left atrium or absence of the 
partition (and thus of the coronary sinus itself). 
Since this partition normally forms the superior 
border of the sinus, its partial or complete ab- 
sence is appropriately termed “unroofed coro- 
nary sinus.”* Twenty-four patients meeting 
these criteria were identified (Tables 1, 2). 


Pure Syndrome with LSVC 

Eight patients had the pure form of unroofed 
coronary sinus syndrome, i.e., the single basic 
defect was unroofing of the sinus (Fig 1). All 
patients had situs solitus of the viscera and 
atria, and all had three findings that resulted 
from the unroofing. (1) One was partial anoma- 
lous systemic venous return because of a persis- 
tent LSVC anomalously connected to the left 
atrium. This large vein descended anterior to 
the hilum of the left lung and entered the left 
upper corner of the left atrium. The orifice of 
the LSVC was situated between the base of the 
left atrial appendage anteriorly and the left 
pulmonary veins posteriorly. The LSVC was 
large in all patients. An innominate vein, 
bridging between the right and LSVC was ab- 
sent in 7 patients and present in 1. (2) No coro- 
nary sinus as such was recognizable since the 
partition or common wall or roof between the 
left atrium and what should have been the 
coronary sinus was totally absent. The coronary 


*Anderson RH: Personal communication, 1978. 
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Table 1. Surgical Repair of Unroofed 
Coronary Sinus Performed at the University 
of Alabama from 1967 to October, 1977 





veins presumably drained individually into 
the atria, and in 3 patients the surgeon com- 
mented on seeing the orifices along the usual 
pathway of the coronary sinus. In 1 patient a 


No. of small portion of the roof of the coronary sinus 

Unroofed No. of Hospital 
Coronary Sinus er Deaths near the atrial septum was present, whereas the 
upstream portion of it was absent up to the left 
Pure, with LSVC 8 j atrial entrance of the LSVC. (3) A coronary 
pam a it ah W p sinus type of atrial septal defect was present in 
Cian ore ams a 0 the posteroinferior area of the atrial septum, in 
Ceao aad 4 0 the location normally occupied by the orifice of 
with PAVC the coronary sinus. As described by Raghib and 
Tetralogy of Fallot 1 0 colleagues [3], some atrial septal tissue was pres- 
Without LSVC 5 0 ent between this defect and the annulus of the 
PAVC (partially 3* 0 tricuspid valve (in contrast to ostium primum 
ee ieee ially *- å atrial septal defects) , while posteroinferiorly 
unroofed) there was no septal tissue, only atrial wall (in 
Tetralogy of Fallot 1 0 contrast to ostium secundum defects). Besides 
With complex cardiac 6 3 this typical defect, an open foramen ovale (or 
malformations ostium secundum atrial septal defect) was pres- 
With LSVC ent in 2 patients. In 4 of the 8 patients the atrial 
Without LSVC 1 : septal defect was very large (4 by 5 cm) and 

Total 24 3 


seemed to represent a confluence of a coronary 
sinus type of atrial septal defect and an ostium 
secundum defect. 





@Unroofed coronary sinus left unrepaired. 


LSVC = left superior vena cava; PAVC = partial atrioven- 
tricular canal; CAVC = complete atrioventricular canal. 


Table 2. Surgical Repair of Unroofed Coronary Sinus Associated 
with Complex Cardiac Malformations from 1967 to October, 1977 


a ee ee en EEIRE ERE RREEED Sree aS 


Patient 

No. Age Anomaly 
= eee ee ea 
WITH LSVC 


Oi aaaaaMMMMlMMMMMMIiÃ{i 


p 6 yr 6 mo Levocardia; AV concordant connection; common atrium with complete 
AV canal; DORV; PS 

2" 13 mo 

ae 7 yr Dextrocardia; isolated ventricular inversion; TASVC 

as 13 mo Levocardia; TASVC 

5b.c 16 mo Levocardia; common atrium with complete AV canal; DORV; PS; TAPVC 


to RSVC; diminutive LV 


WITHOUT LSVCÎ 


ee eres enanEEnERDEIER RAESIUNSES EEG RERUN ROTA 


6° 10 Situs inversus totalis (mirror-image dextrocardia); complete AV canal; 
DORV; PS 
ee [nena 
*Polysplenia. 
>Asplenia. 
“Died. 


‘This patient had no contralateral, i.e., right, superior vena cava. 


LSVC = left (or contralateral) superior vena cava; AV = atrioventricular; DORV = double-outlet right ventricle, PS = 
pulmonary stenosis; TASVC = total anomalous systemic venous connection; TAPVC = total anomalous pulmonary venous 
connection; RSVC = right superior vena cava; LV = left ventricle. 
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Ostium of 
coronary sinus 


A 


Fig 1. (A) Persistent left superior vena cava (LSVC) but 
an otherwise normal heart. The LSVC drains into the 
coronary sinus and thence into the right atrium (RA) 
through the ostium of the coronary sinus. The “roof” of 
the sinus separates the sinus from the left atrium (LA). 
(B) “Pure” syndrome with LSVC. The roof of the coro- 
nary sinus is absent. As a result, the LSVC empties di- 
rectly into the upper left corner of the LA and an inter- 
atrial communication exists between the LA and RA 
through the coronary sinus atrial septal defect (ASD). 
(RV = right ventricle; LV = left ventricle. ) 


Associated with Simple Cardiac Malformations Fig 2. Unroofed coronary sinus and left superior vena 
In 1 patient with tetralogy of Fallot, unroofed cava (LSVC) associated with a common atrium. (Ab- 
coronary sinus and persistent LSVC existed as breviations same as for Figure 1.) 
an associated malformation. Four patients with 
a common atrium and partial atrioventricular 
(AV) canal defect had the same associated mal- 
formation (Fig 2). These patients had no atrial 
septum, of course, whereas the patient with te- 
tralogy of Fallot had a septum with a coronary 
sinus atrial septal defect. None of these patients 
had an innominate vein. One had hemi-azygos 
continuation of the inferior vena cava to the 
persistent LSVC, while the hepatic veins en- 
tered separately into the floor of the common 
atrium on the right side. 

Five patients had unroofed coronary sinus Coronary sinus 
without persistent LSVC, associated with sim- ASD 
ple cardiac malformations (see Table 1). One of 

Fig 3. Complete unroofed coronary sinus and interatrial 


letel 
them, with tetralogy of Fallot, had a completely communication through a coronary sinus atrial septal 


unroofed coronary sinus and a coronary sinus defect (ASD). No left superior vena cava is present. 
atrial septal defect (Fig 3). The other 4 patients, (Abbreviations same as for Figure 1.) 
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Fig 4. Some types of partially unroofed coronary sinus 
without a left superior vena cava. (A) A fenestration is 
present in the midportion of the roof of the coronary 
sinus. Left-to-right or right-to-left shunting can occur 
at the atrial level, depending on the atrial pressure rela- 
tions [1, 2]. (B) The downstream portion of the roof of 
the sinus is absent. There is an ostium primum atrial 
septal defect as part of the partial atrioventricular canal 
defect. (C) Unroofed upstream portion of the coronary 
sinus. An interatrial communication is present through 
the short downstream portion of the sinus [2, 4]. Coro- 
nary veins empty directly into the left atrium (LA). 
(Abbreviations same as for Figure 1.) 


3 with a partial AV canal defect and 1 with a 
complete AV canal defect, had only the down- 
stream portion of the coronary sinus unroofed, 
resulting in drainage of the sinus into the 
atria considerably more to the left than 
usual (Fig 4B). 


Associated with Complex Cardiac Malformations 
Six patients with unroofed coronary sinus were 
in this category (see Table 2), 5 of whom had a 
persistent LSVC. All underwent complete intra- 
cardiac repair. Four had polysplenia and 1, 
asplenia. In the 4 with polysplenia (Patients 1, 





2, 3, 4), the infrahepatic inferior vena cava 
drained into the LSVC through the hemi- 
azygos system. The hepatic veins drained di- 
rectly into the floor of the atria. One patient 
(Patient 6) with situs inversus totalis had no 
contralateral (right) superior vena cava. 


Operative Procedures 
Basic Repair 
The basic repair is the roofing procedure done 
for the pure syndrome associated with persis- 
tent LSVC (Fig 5). The end result is the creation 
of a coronary sinus that drains through its os- 
tium into the right atrium, an intact atrial sep- 
tum except for this ostium, and normal drain- 
age of the LSVC into the right atrium through 
the coronary sinus. The newly created roof of 
the coronary sinus starts at the entrance of the 
LSVC, runs along the posteroinferior wall of the 
left atrium anterior to the left pulmonary veins 
and behind the mitral valve, and terminates in 
the right atrium at the ostium of the coronary 
sinus. 

The repair is begun at the point of entrance of 
the LSVC into the left atrium, that is, between 
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Fig 5. Repair (or roofing) ef an unroofed coronary sinus 
associated with a persistent left superior vena cava 
(LSVC). (A) The repair is made by bringing together the 
posterior left atrial wall over the venous cannula as a 
stent (not shown). The atrial septum is then repaired so 
that, together with the tunnel, a coronary sinus ostium 
is created. (B) The same repair is accomplished in a pa- 
tient with a common atrium using pericardium. Dacron 
also may be used. (Abbreviations same as for Figure 1.) 


the left pulmonary veins posteriorly and the 
base of the left atrial appendage anteriorly, and 
must be fashioned carefully so that this en- 
trance orifice is not narrowed and opens com- 
pletely into the newly created sinus. The roofing 
process extends inferiorly and toward the atrial 
septum between the left pulmonary veins pos- 
teriorly and the mitral valve anteriorly. The 
surgeon must always be aware of the possibility 
of obstructing these by an improper repair, and 
also of the need to create a large coronary sinus. 
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When the roofing reaches the atrial septum, the 
anterior, superior, and posterior aspects of the 
termination of the new sinus are sutured to the 
atrial septum to separate completely the two 
atria. Inferiorly, the border is the posterior 
atrial wall. 

Except in infants, the venous cannula, which 
was inserted through the right atrial appendage 
and advanced into the left atrium and up into 
the LSVC, was used as a temporary stent. In 4 
patients in the pure syndrome group, the left 
atrial wall was sufficiently redundant that it 
could be directly sutured together over the stent 
to create the roof (see Fig 5A). In 2 patients 
pericardium was used for the roof and was at- 
tached by two parallel suture lines to the pos- 
teroinferior left atrial wall (see Fig 5B). When 
only a coronary sinus atrial septal defect is pres- 
ent, an incision into the adjacent fossa ovalis is 
usually necessary for adequate exposure in the 
left atrium. When a large confluent atrial septal 
defect is present, pericardium or Dacron should 
be used for the roofing. A wide flare should be 
left at the septal end, which can be used to help 
close the atrial septal defect. In 2 patients the 
tunnel was created along the roof of the left 
atrium instead of in the position usually oc- 
cupied by the coronary sinus. In 1, the atrial 
wall was plicated to form the tunnel, and in the 
other a Dacron tube longitudinally cut in half 
was used for the roof. In 1 patient with a large 
bridging innominate vein, the LSVC was li- 
gated, and the coronary sinus atrial septal de- 
fect was repaired. 

These types of basic repairs were used in 
the 5 patients with the unroofed coronary 
sinus and persistent LSVC associated with 
other simple cardiac malformations (1 with te- 
tralogy of Fallot and 4 with a common atrium 
and partial AV canal defect). 


Repair When LSVC Not Present 

In the patient with the unroofed sinus, no 
LSVC, a coronary sinus atrial septal defect, and 
tetralogy of Fallot, the absence of the LSVC was 
not recognized before operation or during the 
repair of the tetralogy, although the right 
atrium was opened routinely to determine that 
the foramen ovale was not patent. In the cardiac 
surgery intensive care unit, important arterial 
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desaturation was observed. An indicator dilu- 
tion curve obtained from the radial artery after 
an injection of indocyanine green into the right 
atrium had a characteristic right-to-left shunt 
contour, but a curve obtained after injection 
into the pulmonary trunk did not. Right atrial 
pressure was higher than left atrial pressure. 
The diagnosis of right-to-left shunt at the atrial 
level, probably through a coronary sinus atrial 
septal defect, was made. At reoperation the 
next day, the diagnosis was confirmed, and the 
hole was closed. The right-to-left shunt was ab- 
sent after this repair. 

In the 3 patients with an unroofed coronary 
sinus but no LSVC and the partial AV canal 
defect, the septal (or downstream) portion of 
the coronary sinus roof was absent as it was in 
the patient in whom it was associated with a 
complete AV canal (see Fig 4B). A classic re- 
pair of the AV canal defects was performed, 
leaving the coronary sinus draining into the 
left atrium. 


Repair in Complex Cases 

In the 6 patients with a complex condition, a 
complete repair was made in spite of the un- 
usual anatomy. In the 5 in whom the unroofed 
sinus was associated with LSVC, the repair in- 
cluded the roofing procedure as already de- 
scribed. The roof of the sinus was created with 
a separate longitudinal half section of Dacron 
tube in 1 patient and in the others, with a tail of 
the patch used to form an atrial septum or an 
intraatrial baffle. In Patient 6, without the asso- 
ciated contralateral superior vena cava (the 
right superior vena cava since the patient had 
situs inversus totalis), the unroofed sinus was 
not repaired. 


Results 

No hospital deaths (70% confidence limits, 
0—21%) occurred among the 8 patients in whom 
the pure syndrome was corrected, nor among 
the 10 (70% confidence limits, 0-17%) in whom 
it was associated with another ordinary cardiac 
malformation. No evident arterial desaturation 
or upper extremity venous stasis had appeared 
and all were alive and well at the time of writ- 


ing. Sinus rhythm was present after repair in all 
18. 


Three of the 6 patients in whom the unroofed 
coronary sinus was associated with complex 
congenital heart disease died in hospital after 
the repair. The 3 surviving patients were well 
when last seen. All patients were in sinus 
rhythm after repair. 


Comment 

Pure Syndrome 

Raghib and colleagues [3] described the de- 
velopmental complex we describe as the pure 
unroofed coronary sinus syndrome with LSVC. 
Given a heart with LSVC draining normally as 
it does into the coronary sinus, this complex 
can be created by excising the entire common 
wall or partition or roof of the coronary sinus 
between the sinus and left atrium. Likewise, 
complete physiological correction is achieved 
by constructing this roof or partition when it is 
absent. 

The importance of repairing the malforma- 
tion is evident from the reported occurrence of 
brain abscess and cerebral embolism in these 
patients [3]. Two of our 8 surgically treated pa- 
tients had a brain abscess or transient ischemia 
attacks (Table 3). Such an abscess or embolism 
and the characteristic arterial desaturation are 
due to the right-to-left shunting that results 
from the systemic venous blood of the anoma- 
lously connected LSVC draining into the left 
atrium. 

The condition is sometimes not diagnosed in 
its entirety before operation. It should be sus- 
pected in every patient with a persistent LSVC 
and an apparently simple ostium secundum or 
foramen ovale type of atrial septal defect, al- 
though it will be found uncommonly. A history 
of brain abscess or cyanosis with this morpho- 
logical combination particularly, alerts the 
clinician to the possible presence of the pure 
syndrome of unroofed coronary sinus. 

We presume from the anatomical relations 
that the AV node and bundle of His are in the nor- 
mal location, when only a coronary sinus type 
of atrial septal defect is present. Using these 
assumptions, we have not encountered con- 
duction abnormalities after repair in any of our 
patients. 

At the present time, the operation is done 
with cardiopulmonary bypass and cold car- 
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Table 3. Data on 8 Patients with “Pure” 
Syndrome of Unroofed Coronary Sinus 
with LSVC (1967 to October, 1977) 








No. of 
Patients 
Factor (N = 8) 
Age 
1 to 11 yr 8 
History 
Brain abscess or TIA 2 
Mild arterial desaturation 8 
Anatomy 
LSVC to upper corner LA 8 
Innominate vein 1 
Coronary sinus type ASD 8 
Foramen ovale 2 
Confluent with ostium + 
secundum ASD 
Management 
Ligation of LSVC, closure 1 
of ASD 
“Roofing” of coronary sinus 7 
Using posterior wall LA 4 
Pericardium 2 
Opened Dacron tube 1 





LSVC = left superior vena cava; TIA = transient ischemia 
attacks; LA = left atrium; ASD = atrial septal defect. 


dioplegic myocardial preservation. In infants it 
can be performed with a single venous cannula, 
profound hypothermia, and total circulatory ar- 
rest. Since a stent is helpful in the roofing re- 
pair, we prefer whenever possible to cannulate 
the right superior and inferior vena cava di- 
rectly or through stab wounds in the adjacent 
right atrial wall, and then introduce a third 
tubular venous cannula through the right atrial 
appendage and advance it across the atrial sep- 
tal defect into the left atrium and up into the 
LSVC. Because the right atriotomy is made into 
the appendage, this venous cannula can slide to 
the inferior angle of the atriotomy and lie along 
the posteroinferior atrial wall. This means it is 
out of the way and in position to serve as a stent 
over which the roofing may be done. 

The risk of the operation should be essen- 
tially the same as that for repair of an uncompli- 
cated atrial septal defect. It seems a simpler 
procedure than the alternative of externally 
reimplanting the left superior vena cava into 
the right atrium [1, 2, 5, 6]. 


Associated with Simple Cardiac Malformations 
When the unroofed coronary sinus occurs with 
LSVC in a malformation such as tetralogy of 
Fallot, its identification and repair are the same 
as described for the pure syndrome. 

When the coronary sinus is completely un- 
roofed, no LSVC is present, and an atrial sep- 
tum is present, the ostium of the coronary sinus 
is an atrial septal defect. This was the situation 
in the patient with tetralogy of Fallot and an 
unroofed coronary sinus without LSVC. Par- 
tially unroofed coronary sinus also occurs. If 
this involves the most downstream, or right- 
ward, portion of the sinus and if the atrial sep- 
tum is entirely absent or an ostium primum 
atrial septal defect is present, the ostium is in the 
posteroinferior atrial wall and more to the left 
than usual. We observed this in the 3 patients 
with a partial AV canal defect and in 1 with a 
complete AV canal defect, but in none of them 
was a persistent LSVC present. 


Associated with Complex Cardiac Malformations 
Unroofed coronary sinus occurs in this group 
both with and without a contralateral (left, in 
situs solitus; right, in situs inversus) superior 
vena cava. Usually, however, the situs is am- 
biguous, with polysplenia or asplenia, when 
the unroofed sinus occurs with complex mal- 
formations. The malformation usually includes 
a common atrium or complete AV canal defect. 


Recognition at Operation 

The surgeon must be aware that unroofed coro- 
nary sinus with persistent LSVC connected to 
the left atrium may exist as the pure syndrome 
or associated with another cardiac malforma- 
tion whenever a contralateral (left, in persons 
with situs solitus of the viscera and atriums) 
superior vena cava is present. When the coro- 
nary sinus is completely unroofed and the atrial 
septum is present, the hole in the septum in the 
position of the ostium of the coronary sinus can 
be shown by probing to be simply a hole in the 
septum and not the ostium of the sinus. In this 
situation when an ostium primum atrial septal 
defect is also present or when a large septal de- 
fect in the region of the coronary sinus extends 
to involve the area of the floor of the fossa 
ovalis, no ostium of the coronary sinus as such 


ea 
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is present. Several small coronary veins may be 
seen in the posteroinferior atrial wall along the 
area usually occupied by the sinus. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 

In 1979 only, the two parts of the examination 
were given together. The time and place was 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 

In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Long-Term Sequential Hemodynamic 
Evaluation of Right Ventricular Outflow Tract 
Reconstruction Using a Valve Mechanism 


Marian I. Ionescu, M.D., Anand P. Tandon, M.R.C.P., 


and Fergus J. Macartney, F.R.C.P. 


ABSTRACT From May, 1972, to May, 1978, right 
ventricular outflow tract reconstruction was per- 
formed in 20 patients with congenital heart dis- 
ease. A monocusp patch constructed entirely of 
glutaraldehyde-stabilized calf pericardium, was 
employed in 19 patients, and a composite conduit 
consisting of a three-cusp pericardial xenograft valve 
in a Dacron tube was used in 1 patient. 

There were 2 hospital deaths (10%) and no late 
deaths. The follow-up ranged from 5 to 75 months 
(mean, 55.7 + 4.6 months; total, 1,002 patient 
months). Eleven patients had completed 5 years of 
follow-up at the time of writing. 

Hemodynamic studies were performed in 10 pa- 
tients at an average of 40 months after operation and 
the right ventricle-pulmonary artery systolic gra- 
dient was 9.3 + 1.7 mm Hg. This was not signifi- 
cantly different in 6 patients who had a second 
postoperative catheterization at 51.8 + 2.0 months 
following operation. Angiography showed fully 
mobile, thin valve cusps. 

These results compare well with those reported 
with other types of conduits, particularly with refer- 
ence to relief of obstruction. 


The use of valved conduits between the heart 
and the pulmonary artery is now standard 
practice in the management of complex con- 
genital cardiac anomalies [1, 5, 12, 21, 25]. Al- 
though there have been marked improvements 
in the performance of such conduits during the 
past few years, there is still need for a reliable 
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graft easily available in sizes appropriate for 
both adult and infant cardiac operation, which 
does not stretch inordinately the resources 
available for health care. As is becoming in- 
creasingly clear, these are not limitless even in 
highly developed countries. 

Since May, 1972, we have used two prepa- 
rations for the reconstruction of the right ven- 
tricular outflow tract. One is a glutaraldehyde- 
stabilized pericardial monocusp patch and the 
other, a pericardial pulmonary valve conduit. 

The purpose of this report is to present the 
results of long-term and sequential hemody- 
namic investigations in a group of patients in 
whom these preparations were used. 


Material and Method 

Between May, 1972, and May, 1978, 20 patients 
with congenital heart defects were operated on. 
There were 10 male and 10 female patients, and 
they ranged in age from 7 to 32 years (mean, 
17.5 + 1.6 years). The preoperative congenital 
heart defects were as follows: tetralogy of Fallot 
alone, 13 patients; tetralogy of Fallot with bi- 
lateral pulmonary artery stenosis, 2; double- 
outlet right ventricle with pulmonary stenosis 
(atrioventricular concordance), 2; primitive 
ventricle, subaortic outlet chamber, and sub- 
valvular pulmonary stenosis, 1; and atrial sep- 
tal defect with acquired pulmonary atresia, 
2 patients. 

Nineteen patients received a_ pericardial 
monocusp patch, and 1 patient, a pericardial 
pulmonary valve conduit. Ten patients had 
had previous palliative operation: Blalock- 
Taussig shunt, 8; Potts shunt, 1; Waterston 
shunt, 1. Furthermore, 11 patients had had 
some form of previous intracardiac surgical cor- 
rection. In 7, it was fascia lata reconstruction of 
the right ventricular outlet, subsequently com- 


ore 
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Fig 1. Operative view of a glutaraldehyde-stabilized 
pericardial monocusp patch inserted in the right ven- 
tricular outflow tract and pulmonary artery of a patient 
with tetralogy of Fallot. To the right, the proximal end 
of the monocusp patch is sutured to the right ventricle. 
To the left, the distal end of the patch is sutured 

to the pulmonary artery. The suture line by which the 
monocusp is attached to the pericardial patch is clearly 
seen. 


plicated by graft stenosis [14]. In the other 4, 
incomplete intracardiac repair was performed. 

The monocusp patch is made entirely of calf 
pericardium stabilized with purified glutaral- 
dehyde, sterilized, and stored in formaldehyde 
[15]. This preparation consists of a pericardial 
patch to which a pericardial monocusp valve 
mechanism is attached (Fig 1). Each part is 
made to closely defined standards, the mea- 
surements of the two components being deter- 
mined by the overall size required. The conduit 
consists of a low-porosity Dacron tube and a 
glutaraldehyde-stabilized three-cusp pericar- 
dial xenograft valve, and is constructed in such 
a way as to simulate the shape and function of 
the sinuses of Valsalva (Fig 2). Both these prep- 
arations, the monocusp patch and the valved 
conduit, are now manufactured in a variety of 
sizes to cover the surgical requirements for all 
age groups.” 

The method of surgical insertion of the 
monocusp patch is similar to that previously 
described for the fascia lata grafts [4]. A short 


*Shiley Laboratories, Inc., Irvine, CA. 


longitudinal incision is made in the outflow 
tract of the right ventricle and is extended 
across the pulmonary annulus and valve as far 
into the pulmonary artery as necessary. Fol- 
lowing the intracardiac repair (e.g., closure of a 
ventricular septal defect or resection of an in- 
fundibular obstruction), a monocusp patch of 
appropriate size is selected and rinsed as neces- 
sary to wash out the formaldehyde storage so- 
lution. The width of the pericardial patch is 
determined by the calculated circumference of 
the reconstructed pulmonary annulus. The 
patch is cut to match the length of the incision 
in the right ventricle and pulmonary artery and 
tailored in a diamond shape. During insertion 
we try to ensure that the position of the mono- 
cusp is such that it coapts with the remnants of 
the patient’s own pulmonary valve cusps. The 
patch is then sutured distally to the pulmonary 
artery and proximally to the right ventricle (see 
Fig 1). 

The pericardial pulmonary valve conduit is 
inserted as previously described for porcine 
valved conduits [1]. 

Follow-up was done by regular physical ex- 
amination, chest radiographs, and electrocar- 
diogram. For patients residing abroad, it was 
accomplished in the same way or by corre- 
spondence with the referring physician. Post- 
operative hemodynamic and angiographic in- 
vestigations were carried out in 10 patients 
with informed consent from the patient, par- 
ents, or both parties. Six patients consented to a 
second postoperative investigation. In no pa- 
tient was the need for cardiac catheterization 
determined by the immediate physical condi- 
tion of the patient. 

After the patient had fasted and received 
premedication, standard right (and left, if indi- 
cated) heart catheterization was carried out 
with the patient supine [15]. Resting cardiac 
output was determined by the direct Fick 
method, with oxygen consumption measured 
by either the standard one-way valve technique 
or the flow-through method [8]. Despite prob- 
lems previously found in quantifying pulmo- 
nary regurgitation after fascia lata graft inser- 
tion [14], an attempt was made to achieve this 
by pulmonary angiography or double-sampling 
dye dilution techniques. 
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Results 


Clinical Findings 

There were 2 hospital deaths (10%). Complete 
heart block developed three weeks after opera- 
tion in 1 patient with double-outlet right ven- 
tricle and necessitated pacemaker implantation. 
None of the 18 hospital survivors died during 
the follow-up period, which ranged from 5 to 75 
months (mean, 55.7 + 4.6 months; total, 1,002 
patient months). At the time of writing, 14 pa- 
tients had completed 4 years and 11, 5 years of 
follow-up. The patient with primitive ventricle 
required resuturing of leaks around the septa- 
tion patch 11 months after the first operation [6] 


Fig 2. Pericardial pulmonary valve conduit. The low- 
porosity woven Dacron tube incorporates the sinuses of 
Valsalva (A) and contains a three-cusp pericardial 
xenograft valve (B). The valve is made of calf pericar- 
dium stabilized with purified glutaraldehyde, and the 
entire conduit is stored in buffered formaldehyde. 


and then, 6 months later, had complete heart 
block requiring pacing. At the time of reopera- 
tion, the pericardial monocusp patch appeared 
as fresh as on the day it had been inserted. 

Postoperatively, 11 of the surviving patients 
(61%) had a delayed decrescendo murmur of 
varying imtensity, but always of short length, 
immediately following the snapping sound 
presumably related to “closure” of the mono- 
cusp valve. 

The patient with the valved conduit is alive 
and well. The three-cusp valve is competent as 
judged from the absence of a diastolic murmur. 

At the time of writing all patients were 
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Table 1. Preoperative and Postoperative Findings in 10 Patients 
with One Postoperative Cardiac Catheterization” 


a ——— 


Right Ventricular Pulmonary Artery 


Pressure Pressure 

Systemic (mm Hg) (mm Hg) RV-PA 

Index” Oz Uptake —_—_—_ Gradient REVSA TPR 
Finding (Limin/m’*) (ml/min/m’) S EDP S D M (mm Hg) S ratio (units/m’) 
Preoperative a. = 151 = 99.4 + 604 UMOE 7HOt BATE GLS 0.86 + 4.2% 

0.5 13.9 7.4 1.3 3.9 LS 2.9 6.9 0.09 0.2 
Postoperative 3.2 £ 150 + 39.4 + 50+ 300+ 60+ 150t 93 0:31 £ 4.6 + 

(39.9 + 6.6 mo) 0.4 13.3 3.8 1.1 3.3 0.9 1.3 17 0.04 0.6 

p Value NS NS < 0.001 NS NS NS NS < 0.001 < 0.01 NS 


a 


aResults are expressed as mean + standard error of the mean. 


ÞPostoperative pulmonary index given in the presence of left-to-right shunt. 


S = systolic pressure; EDP = end-diastolic pressure; D = diastolic pressure; M = mean pressure; RV = right ventricle; PA = pulmonary 
artery; SA = systemic artery; TPR = total pulmonary resistance; NS = not significant. 


asymptomatic, though the patient with primi- 
tive ventricle required antifailure medication. 
Twelve patients had complete right bundle- 
branch block, but all except 2 were in sinus 
rhythm. The mean preoperative cardiothoracic 
ratio was 0.59 + 0.02. At 6 months following 
operation it was 0.58 + 0.02, and at 52 + 2.5 
months, 0.56 + 0.02 in 12 patients. None of 
these figures are statistically significant. 


Hemodynamic and Angiographic Findings 
Preoperative and postoperative findings from 
the 10 patients who had at least one postopera- 
tive cardiac catheterization are compared in 
Table 1. There was a highly significant (p < 
0.001) reduction in the right ventricular systolic 
pressure and in its relationship with the sys- 
temic arterial pressure. The mean postoperative 
pressure gradient between the right ventricle 
and the pulmonary artery was 9.3 + 1.7 mm 
Hg, thus demonstrating almost complete relief 
of the pulmonary obstruction. Resting flow 
through the graft was within normal limits (3.2 
+ 0.4 L/min/m’). The mean right ventricular 
end-diastolic pressure was 5.0 + 1.1 mm Hg. 
The mean pulmonary artery diastolic pressure 
was 6.0 + 0.9 mm Hg. However, in individuals, 
these two pressures were within 2 mm Hg of 
one another in only 2 patients. One of them had 
a small residual ventricular septal defect. 
Analyzing the subgroup of 6 patients who 
had two sequential postoperative cardiac cathe- 
terizations (Table 2) the findings are as for all 
10 patients except that in this subgroup there 


was a Significant (p < 0.05) reduction in right 
ventricular end-diastolic pressure at the first 
postoperative investigation (2.5 + 1.0 mm Hg) 
compared with the preoperative value (4.2 + 
2.0 mm Hg). However, this trend was reversed 
at the second postoperative catheterization (3.5 
+ 1.0 mm Hg). The fall in the ratio between the 
right ventricular and systemic arterial systolic 
pressure between the first and second post- 
operative studies is due entirely to repair of 
leaks around the ventricular septation patch in 
1 patient. Of more importance is the lack of 
change (strictly, a nonsignificant fall) in the 
right ventricle-pulmonary artery pressure gra- 
dient despite a rise in cardiac output from 2.5 to 
3.0 L/min/m’ between the two postoperative in- 
vestigations performed at 16.7 + 1.9 and 51.8 + 
2.0 months. 

Angiocardiography demonstrated freely mo- 
bile, thin valve cusps in both the monocusp 
patches and the three-cusp valved conduit. In- 
deed, in some patients the leaflets appeared as 
fine as those of a normal pulmonary valve (Fig 
3). In no patient was calcification observed. 

Assessment of pulmonary regurgitation was 
attempted by pulmonary angiography, but 
comparison of right ventricular and pulmonary 
angiograms showed clearly that the catheter, 
however fine, pushed the anteriorly situated 
monocusp away from the patient’s own pulmo- 
nary valve, thus holding it open during di- 
astole. For this reason, double-sampling dye 
dilution techniques for assessing pulmonary re- 
gurgitation were abandoned. On right ventricu- 
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Table 2. Preoperative and Postoperative Findings in 6 Patients 
with Two Postoperative Cardiac Catheterizations® 


i aaa 


Right Ventricular Pulmonary Artery 
Pressure Pressure 
Systemic (mm Hg) (mm Hg) RV-PA 
Index” Oz Uptake ————— — ž Gradient RV/SA TPR 
Finding (Limin/m*) (ml/min/m?) S EDP S D M (mm Hg) S ratio (units/m?) 
Preoperative 2.6 + 149.0 + 100.5 + ‘22 2m2 £ 72 £ 12.0 + 89.6 + 0.91 + 4.1+ 
0.2 12.1 11.0 2.0 2.4 1.5 1.2 3.7 0.14 0.2 
Postoperative (1) re 174.0 + 38.0 + EF. 20 t£ 30+ 83.02 152 0.34 + 5.1 + 
(16.7 + 1.9 mo) 0.3 14.0 4.1 1.0 2.9 0.5 1.3 2.7 0.04 0.7 
Postoperative (2) 3.0 + 138.0 + 35.7 Ë 35 + 267+ 50+ 140+ 9.0+ 0.27 + 4.8 + 
(51.8 + 2.0 mo) 0.4 10.6 2.6 1.0 2.4 0.8 0.8 1.2 0.02 0.5 
Statistical significance 
Preoperative and NS NS < 0.01 <0.05 NS NS NS < 0.001 < 0.01 NS 
postoperative 1 
Postoperative NS NS NS <0.05 NS NS NS NS < 0.05 NS 
1 and 2 


——eee——————eeee eee 


“Results are expressed as mean + standard error of the mean. 
"Postoperative pulmonary index given in the presence of left-to-right shunt. 


= systolic pressure; EDP = end-diastolic pressure; D = diastolic pressure; M = mean pressure; RV = right ventricle; PA = pulmonary 
artery; SA = systemic artery; TPR = total pulmonary resistance; NS = not significant. 





Fig 3. Angiographic appearance of a monocusp patch in 
the right ventricular outflow tract. (A) Lateral view in 
diastole with the monocusp in the closed position (ar- 
rows). (B) Same view at beginning of systole with the 
cusp in open position (arrows). The movement of the 
cusp is limited by the presence of the catheter. 
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lar angiography, coaptation of the monocusp 
with the posterior wall of the pulmonary artery 
or with remnants of the patient’s own pulmo- 
nary valve was visualized, though, in some pa- 
tients, cusp overlapping occurred. 


Comment 

For an objective assessment of the performance 
of glutaraldehyde-stabilized pericardial xeno- 
graft preparations inserted in the right ventricu- 
lar outlet, hemodynamic and angiographic in- 
vestigations were performed in 10 patients late 
after operation. Six of these patients had two 
sequential postoperative cardiac catheteriza- 
tions in order to detect any changes in function 
of the pericardial xenografts that might have oc- 
curred with the passage of time. 

Ideally, reconstruction of the right ventricular 
outflow tract should produce long-lasting re- 
sults and should (1) leave the entire right ven- 
tricular wall normally contractile, (2) completely 
relieve obstruction, and (3) produce a compe- 
tent pulmonary valve. These three aims will be 
considered in turn. 


Contractility of the Right Ventricular Wall 
This has received scant attention in the litera- 
ture, perhaps because it is difficult to quantitate 
and probably because it is usually relatively 
unimportant. Right ventriculotomy itself com- 
promises right ventricular function in propor- 
tion to its length [17], and insertion of any non- 
contractile substance into the ventriculotomy 
compounds the problem. However, sizeable 
true aneurysms of the right ventricular outflow 
tract after patching are well tolerated for ex- 
tended periods of time [7, 24], despite their 
acting as a volume sink. There was no sugges- 
tion of an outflow tract aneurysm in any of 
our patients. The postoperative sequential 
hemodynamic and radiographic studies have 
demonstrated that the improvement in cardiac 
function obtained at operation was maintained 
up to 51.8 months after operation. 


Relief of Right Ventricular Outflow 

Tract Obstruction 

In this relatively small series of patients, 
xenogeneic pericardium compared favorably 
with other methods of right ventricular outflow 


tract reconstruction in terms of relief of 
obstruction. The mean postoperative right 
ventricle-pulmonary artery systolic gradient 
was 9.3 + 1.7 mm Hg, and there was no evi- 
dence of increase in gradient over a period of 
51.8 + 2.0 months following operation. 

There have been several reports of series of 
large numbers of patients investigated by car- 
diac catheterization after intracardiac repair of 
tetralogy of Fallot with a nonvalved, fresh au- 
tologous pericardial patch across the pulmonary 
valve annulus when necessary. Ruzyllo and as- 
sociates [27] found that 79 out of 221 patients 
(36%) had residual right ventricle-pulmonary 
artery pressure gradients in excess of 20 mm 
Hg. The mean right ventricular systolic pres- 
sure was 42 mm Hg in patients with infun- 
dibulectomy alone, 47.7 mm Hg in those with 
infundibulectomy and valvotomy, and 53.2 mm 
Hg in those with an outflow tract patch, val- 
votomy, and infundibulectomy. A similar inci- 
dence (29 of 102 patients with a pressure gra- 
dient greater than 40 mm Hg) was reported by 
Rocchini and associates [22], and 16 of these 
patients were in chronic congestive heart fail- 
ure. However, 14 patients also had a residual 
ventricular septal defect. Of the 2 patients with 
isolated residual obstruction leading to chronic 
heart failure, reoperation in 1 corrected both the 
gradient and heart failure. The obstruction was 
relieved also in the other patient, who then had 
tricuspid insufficiency. Thus, in addition to 
ample evidence that the higher the residual 
outflow tract gradient, the greater the immedi- 
ate surgical mortality [11], there is evidence that 
a high gradient increases late morbidity and 
mortality also. Poirier and associates [20] found 
an average ratio of right to left ventricle systolic 
pressure of 0.744 in their late death and poor 
result group, as opposed to 0.559 for their fair 
and ideal result group. 

A valve-containing conduit was inserted 
into the right ventricular outflow tract in 1966 
[25]. Late catheterization in patients with 
the original freeze-dried aortic allografts 
showed systolic gradients across the outflow 
tract of 22 to 25 mm Hg and calcification in the 
wall of the graft [28]. Similar gradients were re- 
ported for betapropiolactone-sterilized pulmo- 
nary or aortic allografts [9], but no calcification 
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was seen. In gamma-irradiated aortic allografts, 
as introduced at the Mayo Clinic [21], wall cal- 
cification was extremely common and occasion- 
ally progressed to massive calcification [18]. 
Eighteen of the total series of 128 patients had 
required conduit replacement as of this writing; 
all but 1 were symptomatic and almost half had 
dysrhythmias [19]. A high proportion of pa- 
tients with fascia lata reconstruction of the right 
ventricular outlet also required reoperation for 
conduit obstruction [5, 14, 26]. Late recatheteri- 
zation in patients who had had right ventricular 
outlet reconstruction using a porcine xenograft 
mounted in a Dacron tube [23] has demon- 
strated systolic pressure gradients ranging from 
12 to 98 mm Hg between the right ventricle and 
pulmonary artery. While the majority of gra- 
dients were found at the proximal or distal end 
of the conduit [16, 23], in some patients the 
gradient was at the level of the porcine valve 
itself [23]. These observations, together with 
the finding that conduit obstruction was more 
common in patients with transposition than in 
those with truncus arteriosus [19], make the 
point that the geometry of the graft or conduit 
may be as important in the genesis of obstruc- 
tion as the material or the method of steriliza- 
tion or storage. 

The results of the hemodynamic studies re- 
ported here demonstrate that the pericardial 
xenograft preparations have relieved right ven- 
tricular outflow tract obstruction better than has 
been reported for standard repair of tetralogy of 
Fallot, with or without an outflow patch [7, 20, 
22, 27], aortic allografts [9, 19, 28], or porcine 
xenografts [23]. Furthermore, the sequential in- 
vestigations have demonstrated that the relief 
of obstruction remained unchanged up to 51.8 
months following operation. 


Pulmonary Valve Competence 

The question of the importance of pulmonary 
incompetence has been debated since the in- 
fancy of cardiac operations, yet many profound 
problems remain unanswered. Previously we 
reviewed the extensive relevant literature be- 
fore 1972 [5]. In brief, it is not known whether 
abolition of pulmonary incompetence reduces 
operative mortality, though if postoperative 
pulmonary hypertension is expected, a compe- 
tent pulmonary valve is probably essential. 


In the long term, patients with tetralogy of 
Fallot corrected with a patch have a higher car- 
diothoracic ratio [11] and end-diastolic volume 
[3], and a lower ejection fraction [3] than nor- 
mal. Reoperation for pulmonary incompetence 
alone has not been reported for tetralogy of 
Fallot [2], even when the pulmonary valve was 
absent before operation and was not replaced 
[29]. Among patients recatheterized after repair 
of tetralogy, moderate to severe pulmonary 
regurgitation (as judged clinically) was equally 
distributed among patients with and without 
heart failure [22]. When pulmonary incompe- 
tence is associated with other defects, the prog- 
nosis is less favorable [5, 13, 32]. 

Pulmonary incompetence was detected clini- 
cally in 61% of our patients after operation. 
This figure falls approximately in the middle of 
the wide range reported after classic repair of 
tetralogy [7, 22, 27]. The incidence of clinical 
incompetence of valved grafts has been re- 
ported as 75% for freeze-dried allografts [28], 
56% for frozen-irradiated allografts [7], 25% for 
betapropiolactone preserved allografts [9], 17% 
for porcine xenografts [23], and 88% for fascia 
lata grafts [14]. The shortcomings of quantita- 
tion of pulmonary regurgitation are obvious. 
However, it is clear that at present there is no 
method of reconstructing the right ventricular 
outlet to reliably produce a competent pulmo- 
nary valve. 

The pulmonary incompetence in our patients 
was not due to valve shrinkage, as occurred 
with fascia lata grafts [14]. Angiographic stud- 
ies in this series and the findings at reoperation 
in 1 patient with residual ventricular septal 
defect demonstrated the lack of shrinkage or di- 
latation of the pericardial preparations. Angiog- 
raphy suggested that in most instances, incom- 
petence was due to poor coaptation of the 
monocusp valve with the remnants of the pa- 
tient’s own pulmonary valve. With greater at- 
tention to detail during operation (Fig 4), this 
might have been reduced or even eliminated. 

In this small series of patients followed for up 
to 75 months (mean, 55.7 months) there were 
no late deaths and only 1 patient required reop- 
eration for residual ventricular septal defect. 
These results compare favorably with those 
from other reports. In a recent analysis of 85 
Operative survivors with external valved con- 
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Fig 4. Schematic drawing showing the correct and in- 
correct (broken lines) positions of the monocusp valve. 
Unless perfect coaptation of the monocusp with the 
remnants of the patient's own pulmonary cusps is 
achieved, overlapping is likely to result in some degree 
of pulmonary incompetence. 


duits, the actuarial survival rate at 5 years’ 
follow-up was 76.7% and the actuarial reopera- 
tion rate at 5 years was 30.4% [10]. 

Glutaraldehyde-stabilized pericardial xeno- 
graft heart valves have been demonstrated to be 
durable and to produce insignificant hemolysis 
or embolization without long-term anticoag- 
ulant treatment when used in the aortic and 
mitral positions [30, 31]. This study further 
documents the durability and stability of 
glutaraldehyde-treated pericardial tissue in the 
right ventricular outlet. The two pericardial 
preparations used have relieved pulmonary 
stenosis particularly well and it is hoped that 
the conduit consisting of a three-cusped valve 
within a Dacron tube will achieve long-lasting 
results without pulmonary incompetence. The 
pressure gradient across the conduit is minimal 
due to the optimal ratio of orifice area to an- 
nulus diameter of the pericardial xenograft 
valve [30]. In addition the sinuses of Valsalva 
incorporated in the conduit should enhance the 
durability of the pericardial xenograft valve by 
ensuring a more physiological closure of the 
cusps. 
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The TMO Adult Membrane Oxygenator incorporates 
2.25 square meters of membrane and is indicated for 
total bypass on patients at flow rates up to six liters per 
minute. And, under standard test conditions as listed in 
the direction insert (see table), the TMO Adult 
~. Membrane Oxygenator transferred as much as 346 ml 
-A of oxygen per minute, while removing a slightly larger 
amount of carbon dioxide. The lowest practical prime 
for the Adult system (including oxygenator, reservoirs, 
and MINIPRIME® Disposable Heat Exchanger) is 900 
mi. When the arterial and venous lines are included, 
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TMO MEMBRANE OXYGENATOR 
PERFORMANCE CHARACTERISTICS 
Operation of the oxygenator under clinical conditions 
may produce different values from those illustrated 
because of the variables involved in the clinical 
perfusion procedure and in the manufacture of the 
device. The values shown are for approximation only. 
The charts below show the mean values from six 
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STANDARD TEST CONDITIONS» ©%902t0rS using canne blood 


Blood Flow 6 liters/min 
Gas Flow 15 liters/min 
Venous Saturation 
>` Venous pCO, 
Venous pH 
Temperature 
Hematocrit 
Shim Pressure 300 mm/Hg 


*The ability of the TMO Membrane Oxygenator to transfer oxygen into 
and remove carbon dioxide from the blood will vary widely depending 
upon the condition of the blood. 
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INDICATIONS 

The Travenol TMO Membrane Oxygenator is indicated for the oxygenation of blood and the 
removal of carbon dioxide from it in an extracorporeal circuit during total cardiopulmonary bypass 
at flow rates up to 6 liters/ minute at altitudes not in excess of 5300 feet (1615 meters). 


CONTRAINDICATIONS 
Selection of patients as candidates for oxygenation is totally a medical responsibility and the 
outcome is dependent on many variabies, including patient pathology and surgical and perfusion 
procedures. 

In patients who are actively bleeding, medical judgment must be exercised in the use of the 
device. Benefits of oxygenation must be weighed against risks of total body heparinization. 
Oxygen requirements and transfer rates are influenced by many variables during perfusion. 


WARNINGS 
Evaluation of this oxygenator at elevated altitudes has shown inadequate outlet partial press 
for toal bypass (apparently because of lower O, partial pressure differences across 
membrane). Until appropriate modifications are made, use of this device at altitudes above 5% 
feet (1515 meters) is not recommended. 
Use of bibod suction devices must be limited where possible. 
PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator is used in hyperbaric environments, t 
sides of the oxygenator must be referenced to the same pressure. The gas outlet port sh 
remain open and free of any obstructions. 2 
Befcre using, refer to complete directions accompanying the product. 
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In vitro activity* 
comparable to that 
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Clinical effectiveness. 
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of Proteus vulgaris are resistant in in vitro 
tests, Initially susceptible strains of 
Enterobacter may occasionally become 
resistant during therapy. 


See summary of prescribing information on 
last page for Indications. 
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activity* 
against 
gram- 
a negafive 
In vitro activity organisms' 
against these gram- 


negative bacilli: 

Escherichia coli, Klebsiella pneumoniae, 
P hb coached P rettgeri, P. morganii, 

P vulgaris} Enterobacter,t and Haemoph- 
ilus influenzae.?° Cefamandole has 

more in vitro potency against Entero- 
bacter than do other cephalosporins + 
The cefamandole susceptibility disc is 
recommended for gram-negative 

testing. 

In vitro activity against H. influenzae: 
Among newer cephalosporins, only 
cefamandole has in vitro activity against 
H. influenzae which is both comparable 
to that of sande A and Supeno 
to that ol ampicillin. AE 
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Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mando! is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococ- 
Cus pneumoniae (Diplococcus pneumoniae), Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing), beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species, Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g., S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus (penicillinase and non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro; however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
sepsis or in patients with other serious infections in which the causative orga- 
nism has not.been identified, Mando! may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending ontheseverity of the infection andthe patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mando! may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest® tablets but not with Tes-Tape” (Glucose 
Enzymatic Test Strip, USP, Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests. 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy—Mandol has been effectively used in this age group, but 
all laboratory parameters have not been extensively studied in infants between 
one and six months of age: safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants, the physician should determine if the potential benefits 
outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosino- 
philia, and drug fever have been reported. These reactions are more likely to 
occur in patients with a history of allergy, particularly to penicillin. 

Blood — Neutropenia and thrombocytopenia have been reported rarely 





Scme individuals have developed positive direct Coombs tests during treat- 
ment with the cephalosporin antibiotics. 

Liver—Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted. 

Kičmey— Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins, transitory 
elevations of BUN have occasionally been observed with Mandol: their fre- 
quency increases in patients over 50 years of age. In some of these cases, 
there was also a mild increase in serum creatinine. 

Loca! Reactions —Pain on intramuscular injection is infrequent. Thrombo- 
phleb tis occurs rarely. 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefemandole is 500 mg to 1 gm every four to eight hours 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 59C mg every six hours is adequate. 

In utcomplicated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1gm 
every eight hours may be needed. 

In severe infections, 1-gm doses may be given at four to six-hour intervals. 

In ife-threatening infections or infections due to less susceptible organisms, 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be needed 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol.This may be increased to a total daily dose of 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. (See Warnings 
and Precautions for this age group.) 

Note: &s with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymotomatic or after evidence of bacterial eradication has been obtained: a 
minimum of ten days of treatment is recommended in infections caused by 
group A beta-hemolytic streptococci in order to guard against the risk of rneu- 
matic fever or glomerulonephritis: frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed: persistent 
infections may require treatment for several weeks: and doses smaller than 
those ndicated above should not be used. 

Impaired Renal Function—When renal function is impaired, a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial coseof 1 to 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of infection, and 
susceptibility of the causative organism. 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 


Life-Threatening 
Infections — 
Maximum Dosage 


Less Severe 
Infections 


Creatnivte Clearance 


(ml/min 1.73 m?) Renal Function 


1-2 gm 
qa6h 


2 gm 
OO e f ee e 


Moderate 
Impairment 


Severe 
Impairment 


067 gmq8h 
OR 
1gmq12h 


Marked 
Impairment 


0 5-0.75 gm 
qi2h 


0 25-0.5 gm 
qi2h 


When only serum creatinine is available, the following formula (based on 
sex, weight and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function 


Weight (kg) x (146 — age) 
72 x serum creatinine 
Females: 0.9 x above value 


How Supplied: Vials Mandol® (cefamandole nafate, Lilly), for Injection, 500 mg 
and 1 gm(equivalent to cefamandole activity), 10-ml size, inpackages of 1 and 
Traypaks™ (multivial cartons, Lilly) of 25. 2 gm (equivalent to cefamandole 
activity), 20-na@i size, in packages of 1 and Traypaks of 10: 1 and 2 gm (equiva- 
lent to cefemandole activity), 100-ml size. in Traypaks of 10 [101378] 
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900340 


Males: 


Additional information available 
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Late Complications Following 
Surgical Repair of Total Anomalous © 
Pulmonary Venous Return below the Diaphragm 


William H. Fleming, M.D., Edward B. Clark, M.D., Kenneth J. Dooley, M.D., 
Philip J. Hofschire, M.D., Roger N. Ruckman, M.D., Alan R. Hopeman, M.D., 
Lynne Sarafian, M.N., and Paul K. Mooring, M.D. 


ABSTRACT Between May, 1975, and June, 1977, 
we surgically repaired an infracardiac total anoma- 
lous pulmonary venous return in 4 infants under 
deep hypothermic cardiac arrest. All patients had 
pulmonary hypertension and a patent ductus ar- 
teriosus. All survived operation and required posi- 
tive end-expiratory pressure with mechanical venti- 
lation. Late complications included patent ductus 
arteriosus not visualized at initial catheterization, 
breakdown of an oversewn atrial septal defect re- 
pair, and pulmonary venous obstruction despite an 
anastomosis diameter of 1.5 to 2.5 cm. At reopera- 
tion, there was scarring and contraction at the 
junction of the pulmonary veins and left atrium. 
One infant with these complications died post- 
operatively. In another patient, there was kinking of 
the left lower pulmonary vein at its juncture with the 
left atrium. 

In view of these complications we currently rec- 
ommend the following: ligation of the ductus ar- 
teriosus regardless of cathéterization findings; a 
right-sided approach to avoid pulmonary vein 
kinking; prosthetic patch closure of the atrial septal 
defect to avoid excessive tension on suture lines and 
to maintain maximum left atrial size; stellate anas- 
tomosis to provide the largest possible drainage 
channel; awareness that an unusually high positive 
end-expiratory pressure may be required postopera- 
tively; and early recatheterization. 


With advances in infant cardiovascular opera- 
tions, successful repair of total anomalous pul- 
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monary venous return of the infracardiac type 
can now be accomplished [3]. The purpose of 
this report is to describe late complications 
found in 3 of 4 patients who underwent suc- 
cessful repair and to discuss techniques de- 
signed to avoid these problems. 


Material 

Four-infants underwent repair of infracardiac 
total anomalous pulmonary venous return, 2 at 
the Henrietta Egleston Hospital for Children in 
Atlanta, GA, and 2 at the University of Ne- 
braska Medical Center in Omaha, during a 25- 
month period from May, 1975, to June, 1977. 
There were 3 boys and 1 girl ranging from 1 to 28 
days old at the time of initial diagnosis. Cardiac 
catheterization was undertaken as part of the 
evaluation of severe respiratory distress and 
hypoxia. At the time of the initial study, pres- 
sures in the main pulmonary artery were su- 
prasystemic in 2 patients, systemic in 1 patient, 
and 85% of systemic in 1 (Table 1). All patients 
had a tree-shaped common pulmonary vein 
draining below the diaphragm to join the he- 
patic system [4]. Three patients were noted to 
have a patent ductus arteriosus, but in 1 patient 
27 days old, the patent ductus was not iden- 
tified either by catheter position or angiog- 
raphy. 

Within twenty-four hours of catheterization, 
all patients underwent surgical repair utilizing 
deep hypothermia and total circulatory arrest. 
Following ligation of the ductus (3 patients), 
intracardiac repair was accomplished by anas- 
tomosis of the common pulmonary vein to the 
posterior left atrial wall. The diameter of the 
anastomosis ranged from 1.5 to 2.5 cm, the 
largest permitted by atrial size. In all patients 
the common pulmonary vein was ligated at the 
level of the diaphragm. All repairs were ap- 
proached through a median sternotomy. The 
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Table 1. Data on 4 Patients Undergoing Repair of Total Anamalous Pulmonary Venous Return 


Preoperative 

Catheterization Data 

Patient Age MPA? Ao/LV? 

No. (day) (mm Hg) (mm Hg) PDA 

1 oF 78126 92 Fi 

2 27 112/68 105/65 + 
(70) (65) 

3 6 70/45 707° + 
(55) 

4 1 80/43 63/42 + 
(58) (51) 


aMean pressure in parentheses. 
ÞNot visualized. 
“Not obtained. 


Operative Data 


Anas- Max 

_ tomo- PEEP 
Common sis Postop 
Pulmcnary ASD Length Ap- (cm 
Vein Open (cm) proach H:O) 
Left Yes 1.8 Left 15 
Left Yes 2.5 Left 8 
Ležt Yes 1.5 Right 12 
Leit Yes 2.2 Right 5 


iData from a second, more complete, recatheterization done when the patient was 2 years old. 


MPA = main pulmonary artery pressure; Ao/LV = aortic or left ventrizular pressure; PDA = patent ductus arteriosus; ASD 
= atrial septal defect; PEEP = positive end-expiratory pressure; FA = femoral artery; A = anastomosis. 


first two procedures were done by elevating the 
heart and working from the left side, as de- 
scribed by Williams and co-workers [7] in 1964. 
In Patient 2, this was considered to be the only 
feasible approach because the common trunk 
was far to the left. The procedures for Patients 3 
and 4 were done from the right side, as de- 
scribed by Kirklin [5] in 1973. All anastomoses 
were made with continuous 5-0 polypropylene 
suture, and in none of the patients was en- 
largement of the left atrium attempted. In all 
patients, the atrial septal defect was closed by 
direct suture with 4-0 polypropylene. _ 

All patients received mechanical ventilation 
during the postoperative period, and positive 
end-expiratory pressures (PEEP) ranging from 5 
to 15 cm HO were required to maintain ade- 
quate oxygenation (Table 2). Review of post- 
operative electrocardiograms revealed that 2 of 
the 4 patients had intraventricular conduction 
delays consistent with right bundle-branch 
block. 

Subsequently, each patient continued to have 
evidence of elevated pulmonary artery pressure 
on physical examination, and postoperative 
cardiac catheterization was undertaken six 
weeks to 9 months after the initial surgical pro- 
cedure. Three patients were noted to have 
residual obstruction of at least one vein as evi- 


denced by a gradient of 14 to 20 mm Hg be- 
tween pulmonary artery wedge pressure and 
eithe- the left atrial mean pressure or left ven- 
tricular end-diastolic pressure. In 2 of the 3 pa- 
tients the gradient was at or near the site of 
anastomosis and in the third patient, it was in 
the left inferior vein only, thought to be due to 
kink:ng. This was in 1 of the patients operated 
on bv elevating the apex and approaching from 
the l=ft side. The fourth patient, who did not 
have venous obstruction, was noted to have 
eleveted left ventricular end-diastolic pressure 
and a 2 mm gradient from pulmonary artery 
wedze pressure to left ventricular end-diastolic 
pressure. Two patients had a recurrent atrial 
septal defect, despite early postoperative atrial 
pressures and oximetry that demonstrated that 
the septum was closed. One patient had a small 
patent ductus arteriosus unrecognized at the 
time of the initial catheterization. Two patients 
subsequently underwent a second surgical pro- 
cedure to relieve pulmonary venous obstruc- 
tion. In both patients there was endocardial 
thicxening at the ostia, as described by Friedli 
and associates [2] and by Katz and colleagues 
[3]. The anastomosis itself remained wide open 
but because of the thickening at the ostia of the 
ind_vidual veins, there was notable obstruc- 
tion. In both patients the anastomosis was ex- 
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Postoperative 
Catheterization Data 








Site Recur- 
Patient MPA? FA? Gradient of rent 
No. Age (mm Hg) (mm Hg) (mm Hg) Gradient ASD 
1 65d 72173 125/45 16 A + 
(48) (73) - 
2 2 yr’ 46125 107/52 14 A — 
(27) (71) 
3 6 mo 70/30 100/70 14 A + 
(50) (80) 
4 9 mo 32/20 110/60 2 None = 
(24) (85) 
Table 2. Changes in Oxygenation with Changes in PEEP after Operation 
Peak | Systolic 
Set Inspired Mean ` Arterial 
VT PEEP Pressure LAP Pressure PaO, 
Time (cc) FiO, (cm H,O) (em H,O) (mm Hg) (mm Hg) (mm Hg) 
PATIENT 1 
0400 42 0.4 12 34 f° 80 70 
0730 42 0.5 12 42 8 76 51 
0910 42 0.5 15 40 8 80 139 
1120 42 0.4 15 40 7 70 151 
PATIENT 2 
1500 38 0.6 5 35 12 58 132 
1820 38 0.6 5 3& 15 52 86 
2045 38 0.6 5 38 16 56 42 
2130 38 0.6 8 36 14 54 199 
2350 38 0.5 8 36 14 58 215 
0225 38 0.4 8 a7 9 58 108 


Vr = tidal volume; FiO, = inspired oxygen fraction; PEEP = 


PaO, = partial pressure of arterial oxygen. 


tended out onto the individual veins, with re- 
lief of the obstruction. In 1 patient, the recur- 
rent atrial septal defect was closed with a patch. 
One patient survived the second procedure, 
and the other died in the early postoperative 
period with low cardiac output syndrome. 

All of these children had marked pulmonary 
venous congestion of the lungs as demonstrated 
by roentgenogram, and grossly impaired ven- 
tilatory mechanics both before and immediately 
after operation. Great care was taken at opera- 
tion to decompress the pulmonary veins 
promptly and to avoid exposing the lungs to 


positive end-expiratory pressure; LAP = left atrial pressure; 


pump pressure through a patent ductus ar- 
teriosus. Nevertheless, after operation, the lungs 
in our patients were similar to those in patients 
with respiratory distress syndrome. All patients 
required PEEP, and 2 required levels to 12 and 15 
cm H,O, respectively (see Table 1). One of these 
patients showed dramatic changes in oxygena- 
tion when the level of PEEP was raised from 12 
to 15 cm HO (see Table 2). 


Comment 
Total anomalous pulmonary venous return 
below the diaphragm constitutes a mechanical 
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problem that is probably amenable only to a 
mechanical solution. As surgical techniques 
advance and as more of these patients survive 
the initial operation, late complications can be 
expected. One of our patients had a patent 
ductus arteriosus that was not recognized at 
initial catheterization despite injections in both 
pulmonary artery and aorta in projections that 
would be expected to show the ductus. This 
suggests that the hemodynamics in these in- 
fants can be such that.a ductus can be missed 
easily, and we therefore recommend that the 
ductus or ligamentum: be dissected out and li- 
gated at the time of initial operation, whether 
or not patency has been demonstrated previ- 
ously. 

The recurrence of atrial septal defect follow- 
ing closure by direct suture and with early 
postoperative evidence of closure suggests that 
the sutures pulled out of the atrial tissue. In 
addition, it is desirable to maintain as much 
size as possible in the already small left atrium 
of such infants. Therefore, in all future patients 
seen with this lesion, we plan to close the atrial 
septal defect with a patch. 

Several of our patients required high levels of 
PEEP. However, with monitoring catheters in 
both right and left atriums, it was possible to 
demonstrate that these high levels were not 
transmitted to the heart and therefore were 
probably absorbed by the decreased com- 
pliance of the lungs. The dramatic changes in 
oxygenation in Patient 1 (see Table 2) served to 
demonstrate that this level of PEEP was re- 
quired and not merely tolerated. 

The longest possible left atrium—common 
pulmonary vein anastomosis in these patients 
is desirable, and, theoretically, a stellate anas- 
tomosis is less vulnerable to scarring and con- 
tracture. It also allows a longer anastomosis in 
the rather small left atrium. However, pulmo- 
nary venous obstruction can occur, nonethe- 
less, and did in 3 of our 4 patients. In 1 patient 
the obstruction involved the left inferior pul- 
monary vein only. Because the procedure in 
this patient was done by elevating the apex and 
working from the left side, the obstruction was 
presumably due to kinking at the time of anas- 
tomosis. This patient was clinically asymptom- 
atic at the time of writing despite the residual 


obstruction. Obstruction at the junction of 
pulmonary veins and common pulmonary vein 
has been reported but we did not recognize this 
probl=m in our patients [6]. Our 2 patients who 
requized a second surgical procedure both 
demonstrated a widely patent opening at the site 
of anastomosis but also had extensive scarring 
or fibrosis, which appeared analagous to keloid 
formztion, on the pulmonary vein side of the 
anastomosis. We believe this is similar to the 
lesions described by Friedli [2], Katz [3], and 
their associates. This can be an aberration of the 
healing process rather than a technical inade- 
quacy. Whether the problem will recur follow- 
ing reoperation has yet to be determined. How- 
ever. there is no evidence of recurrent stenosis 
in our patient 5 months following reoperation. 
Obszruction at the surgical anastomosis is cer- 
tainly a potential complication, but with the use 
of a kong stellate anastomosis at the time of ini- 
tial cperation, we did not observe this problem. 
Behrendt and colleagues [1] reported on a pa- 
tient who had an anastomosis that was 1.7 cm 
in diameter at the time of the operation and 
only 5 mm in diameter at postmortem exam- 
ination 7 months later. We believe that this 
comDlication can be averted by construction of 
a large stellate anastomosis at the initial proce- 
dure. We also believe that crossing the point of 
entry of each individual vein into the common 
pulmonary vein can minimize the chance of 
future obstruction of the type we observed. 
Cur current method begins with diagnosis as 
early as possible. We then plan prompt opera- 
tion, which includes dissection and ligation 
of the ductus or ligamentum arteriosum re- 
gardless of whether or not patency has been 
demonstrated. We then proceed to profound 
hypothermia with cold cardioplegia and cir- 
culetory arrest for the construction of a large 
stel.ate anastomosis between the common pul- 
monary vein and the posterior left atrial wall. It 
is hoped that extension of the initial anas- 
tor-osis to the individual pulmonary veins will 
not only provide a longer stellate anastomosis 
but prevent late pulmonary venous obstruction, 
which we and others have observed. The repair 
shculd be approached from the right side 
whenever possible. Since the common pulmo- 
naty vein always becomes obstructed anyway, 
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it is not necessary to ligate this vein, and omit- 
ting this step can allow a slightly easier anas- 
tomosis because the ligature itself causes some 
shortening of the common pulmonary vein [3]. 
The atrial septal defect is then closed with a 
prosthetic patch. In the postoperative period, 
we anticipate the use of high levels of PEEP to 
maintain adequate oxygenation. We think that 
these modifications in surgical treatment will 
decrease the incidence of our observed late 
complications, but we will continue to watch 
carefully as we gain more expertise in manag- 
.ing this defect. 


Addendum 

A second recurrence of scarring of the orifices of the 
individual veins developed in Patient 3, which re- 
quired a second reoperation in November, 1978. As 
of February, 1979, the patient was doing reasonably 
well, but we suspect that the problem will recur. 
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Repair of Chest Wall 


Defects with Prosthetic Material 


Steve G. Hubbard, M.D., Edward P. Todd, M.D., Ph.D., 
William Carter, M.D., John Zeok, M.D., Mark L. Dillon, M.D., 


and Edward Luce, M.D. 


ABSTRACT This report summarizes our experience 
during a four-year period with the repair of 8 
thoracic cage and 3 diaphragmatic. defects requiring 
reinforcement with prosthetic material. Defects as 
large as the entire left hemidiaphragm or the right 
anterior chest wall including ribs two through six 
from the midsternum to the midaxillary line were 
adequately repaired. The technical approach utilized 
to obtain a secure, nonmobile thoracic cage involved 
the placement of sutures through drill holes or 
around ribs, rather than through the periosteum or 
pericostal soft tissues. Successful diaphragmatic re- 
pair was dependent on proper anchoring of the me- 
dial border of the prosthesis, placing sutures in the 
pericardium as necessary. Skin coverage for thoracic 
cage defects was achieved with widely undermined 
and advanced local tissue or previously delayed 
pedicle flaps. All patients had good evidence of 
chest wall stabilization after operation, and all were 
removed from mechanical ventilation within three 
days. One patient died of myocardial infarction 
twenty days after operation, and a second patient 
died later of metastatic disease. On the basis of our 
experience, we conclude that the range of chest wall 
lesions that can be surgically corrected or palliated is 
increased by the use of prosthetics implanted with 
techniques described here. 


Defects of the chest wall may result from con- 
genital anomalies, extirpative procedures, radi- 
ation necrosis, or trauma. Repair of these de- 
fects is essential if normal respiratory physiology 
and adequate ventilation are to be restored. 
Although the chest wall functions as a physio- 
logical unit, it can be thought of as two separate 
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anatomical divisions—the diaphragm and the 
thoracic cage. This report reviews the experi- 
ence with prosthetic material in the repair of 
both diaphragmatic and thoracic cage defects at 
the University of Kentucky Medical Center dur-. 
ing a four-year period. 


Methsds and Results 

Durirg the years 1974 through 1977, 11 patients 
underwent repair of chest wall defects with a 
prostnetic material, Marlex mesh, at the Uni- 
versity of Kentucky Medical Center. As a result 
of repairs done by the techniques to be de- 
scribed, all patients were removed from me- 
chanical ventilation by the third postoperative 
day. There was 1 early death, which occurred as 
a result of a myocardial infarction in a patient 
who was extubated and walking after opera- 
tion, and 1 late death from metastatic disease. 
There were two major pulmonary complica- 
tions: lower lobe atelectasis, which resolved 
with pulmonary toilet, and pneumonia, which 
deve_oped after the myocardial infarction in the 
patient who died early. Minor pulmonary com- 
plicacions, manifested by low-grade fevers re- 
spording to pulmonary toilet, were present in 4 
patients. The wound complication noted was 
necrosis of the flap tip, with exposure of a2 by 3 
cm area of mesh in a single patient. In no pa- 
tient was it necessary to remove the prosthesis 
beca.se of infection. 


Diapiragmatic Defects 

Diaphragmatic defects were present in 3 of the 
11 patients in this series. Patient data are sum- 
marized in Table 1. The defects were the result 
of chronic herniation one, two, and four years 
previously. All were successfully repaired 
uiilizing a single layer of Marlex mesh secured 
in p_ace with mattress sutures. One patient re- 
quired both a midline abdominal and an an- 
terolateral thoracotomy to adequately mobilize 
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Table 1. Data on Patients Undergoing Diaphragmatic Repairs 


Patient Age 

No. (yr) Etiology Area 
1 24 MVA Left 

2 49 MVA Right 
3 35 MVA Right 


MVA = motor vehicle accident. 


Table 2. Data on Patients Undergoing Thoracic Cage Repairs 


Patient Age 
No. (yr) Diagnosis 
4 40 Breast Ca 
5 64 Breast Ca 
6 62 Bronchogenic Ca 
7 51 Chest wall sarcoma 
8 56 Chest wall hemangioma 
9 19 Soft tissue tumor 
10 44 Chest wall hernia 
11 37 Chondrosarcoma 


Duration Complication Follow-up 
4 yr None 2yr 
10 mo None 18 mo 
2 yr None 8 mo 
Ribs 
Involved Complications Follow-up 
2-6 Flap tip necrosis l yr 
4-6 None 212 yr 
9—11 MI, pneumonia 20 d 
3-6 Atelectasis 2 yr 
10-12 None 3 yr 
3—4 Suture gran. 2 yr 
11 None 1yr 
6—9 None 8 mo 


Ca = cancer; MI = myocardial infarction; gran. = granuloma. 


the margins of the defects. Two required only a 
thoracic approach. All had inadequate tissue 
medially to allow a secure repair. Therefore, the 
mesh was secured to the pericardium. This ap- 
proach and its importance are illustrated in the 
following two case reports. 

PATIENT 1. A 24-year-old white man was 
admitted with shortness of breath and dyspnea. 
He was paraplegic following a motor vehicle ac- 
cident, which had occurred when he was 20 
years old. At that time, he had undergone pri- 
mary suture repair of a traumatic left dia- 
phragmatic rupture at another hospital. Chest 
roentgenogram made on admission to the Uni- 
versity of Kentucky Medical Center showed 
loops of bowel in the left chest. These were de- 
lineated further with barium studies. At opera- 
tion he was found to have a left diaphragmatic 
hernia containing the left colon and omentum. 
An attempted abdominal reduction was unsuc- 
cessful and a left anterolateral thoracotomy. was 


made to reduce the hernia. The large dia-. 


phragmatic defect was repaired with a single 
layer of Marlex mesh. Destruction of the dia- 
phragm was so extensive that the Marlex had 
to be sewn to the pericardium medially. The 


patient had an uncomplicated postoperative 
course, and he was well at follow-up two years 
after repair. 

PATIENT 3. A 35-year-old white man was in 
a motor vehicle accident in 1974. Two years 
later in Germany, he underwent Marlex repair 
of an atonic, torn right hemidiaphragm. The 
repair broke down within a few days, and the 
patient was seen at the University of Kentucky 
Medical Center two years later with increasing 
shortness of breath and chest discomfort. After 
a difficult dissection and reduction of the her- 
nia, the Marlex was found to be secure along all 
edges except the medial aspect. Since no mar- 
gin of diaphragm remained medially, the 
prosthesis was sutured directly to the pericar- 
dium. This provided a secure repair and the 
patient showed no evidence of recurrence eight 
months after operation. 


Thoracic Cage Defects 

Eight of the 11 patients in this series underwent 
repair of thoracic cage defects. The data are 
summarized in Table 2. The defects were the 
result of extirpative operation for metastatic 
breast disease (2 patients), bronchogenic car- 
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Repair with a single layer of Marlex is illustrated. The 
raw edge is turned away from the lung, and sutures are 
placed through drill holes in the ribs. 


cinoma (1), primary chest wall sarcoma (1), 
chest wall hemangioma (1), chondrosarcoma 
(1), and a rapidly enlarging benign tumor (1). 
One patient had a chest wall hernia from a pre- 
vious rib resection. 

The technique utilized to repair thoracic cage 
defects in all patients is illustrated in the Fig- 
ure. A single layer of Marlex mesh is secured to 
the edge of the defect with mattress sutures. At 
least one strand of each of the mattress sutures 
is passed through drill holes in the ribs or ster- 
num to ensure a secure closure. The cut edge of 
the mesh is turned outward to allow trimming 
of the excess and to avoid injury to the lung. In 
Patient 4, the entire thickness of the thoracic 
cage including skin and muscle was resected. 
Delayed flaps were required for coverage of the 
prosthesis. The case report is presented to il- 
lustrate this management approach. 

PATIENT 4. A 40-year-old white woman was 


seen six years following radical mastectomy 


with recurrence, demonstrated by biopsy 
specimen, in the right anterior thoracic cage. 
Six months before this admission, she had 
undergone wide local excision of the area with 
split-thickness grafting which subsequently 


broke down, resulting in a 6-cm, foul-smelling 
ulcer m the old incisional line. Abdominal and 
chest flaps were delayed, and the patient 
underwent resection of ribs two, three, four, 
five, and six from the midsternum to the 
mida>illary line. The thoracic cage was closed 
with a single layer of Marlex and covered with 
the previously delayed flaps. The patient’s 
postoperative course was complicated by par- 
tial necrosis of one of the skin flaps, with expo- 
sure of a2 by 3 cm area of Marlex. This required 
only -ocal care to maintain a clean wound. Ce- 
rebra: metastases subsequently developed, and 
the patient died one year after operation. 


Comment 
Most acute traumatic diaphragmatic defects can 
be closed by simple suturing [6], but approxi- 
mation of large defects can be either impossible 
or pcssible only with excessive tension that will 
eventually lead to dehiscence, as noted in our 
Patient 1. Large diaphragmatic defects are usu- 
ally the result of long-standing herniation, 
either congenital or traumatic, and repair is not 
usually complicated by coexistent acute in- 
juries. Additional tissue for these repairs has 
beer. obtained through the use of fascia grafts 
or by suturing organs such as the liver to the 
remaining diaphragm [31]. Orringer and as- 
sociates [25] suggested elevation of the dia- 
phregm and limited thoracoplasty when there 
is little diaphragmatic tissue available for repair 
laterally. They also pointed out the advantages 
of using Teflon pledgets in this friable tissue. 
More recently, the use of prosthetics has been 
described for the repair of eventration and her- 
miation, as well as traumatic rupture of this 
poriion of the chest wall [23, 27, 31, 33]. 
Surprisingly, no emphasis has been placed 
on the importance of fixation of the medial por- 
tior. of the prosthetic mesh to the pericardium. 
In our 3 patients with diaphragmatic defects, 
fixation was necessary to repair the defect. This 
technique can be recommended on the basis 
tha: it creates an extremely secure repair me- 
dially where good diaphragmatic tissue is fre- 
quently absent. 
Adequate repair of thoracic cage defects re- 
quires reinforcement of the skeletal plane of the 
theracic cage and coverage with integument.. 
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Coverage is a major problem only in those pa- 
tients who require full-thickness resection of 
the thoracic cage including overlying skin and 
subcutaneous tissue as necessary in 2 of the pa- 
tients in this series (illustrated by the case re- 
port of Patient 4). Prosthetic materials may be 
covered with undermined and advanced local 
skin or by flaps based on the posterior inter- 
costal, internal mammary perforating, acrio- 
miothoracic, lateral thoracic, or thoracodorsal 
arteries [14, 22]. When a large defect is antic- 
ipated, coverage should be planned well in 
advance and flaps should be delayed as neces- 
sary. 

The second problem, and the one with which 
this paper is concerned, is that of reinforcement 
of the skeletal plane of the thoracic cage. Chest 
wall rigidity should be maintained to prevent 
paradoxical movement which interferes with 
normal respiratory physiology. Not all full- 
thickness defects require stabilization, and 
Martini [22], Starzynski [28], and their co- 
workers outlined the indications for reinforce- 
ment. Small defects may be stabilized with local 
subcutaneous and dermal tissues. Somewhat 
larger defects have been reinforced with fascia 
lata, rectus sheath, latissimus dorsi muscle, 
contralateral breast flaps, sliding rib grafts, split 
tibial grafts, or diced cartilage implants [5, 8, 9, 
13, 18, 19, 32]. 

Although the use of autogenous tissue has 
been said to be more desirable [13, 26], it may 
not be readily available in sufficient quantity at 
the time and site of operation, thus making it 
necessary and advisable to use a prosthetic 
material for stabilization. Many prosthetic ma- 
terials have been used for stabilization of the 
chest wall. Among the earliest prostheses were 
metal plates and meshes. Tantalum plates 
worked loose, causing pain and hemorrhage, 
and their presence caused the production of 
copious amounts of serum, which led to the de- 
velopment of infection [3]. Tantalum mesh and 


stainless steel mesh have been reported to- 


fragment, again causing pain and draining 
sinuses [1, 4, 10, 24]. A further drawback of 
metal prostheses is that their use makes the 
postoperative roentgenographic evaluation of 
the chest more difficult. : 

A wide variety of synthetic materials has 


been employed. All these materials have the 
advantage of being radiolucent. Lucite plates 
are inconvenient since they require preopera- 
tive shaping, fitting, and drilling [16]. The use 
of polymethylmethacrylate also requires extra 
preparation [20]. Teflon mesh and fiberglass 
cloth share the inconvenient, although not 
insurmountable problem, of raveling at the 
edges. Teflon mesh also requires additional 
support for large defects, and fiberglass induces 
a foreign body réaction in the presence of in- 
fection, requiring removal for complete healing 
[11, 12, 15, 17, 21]. 

Marlex is a high-density polyethylene de- 
veloped in the 1950s by the Phillips Petroleum 
Company. Its use in the repair of groin and 
ventral hernias is now widespread [29], and it is 
readily available in most operating rooms. This 
material has been shown in experimental stud- 
ies to be relatively inert [30], and it has been 
reported that wound abscesses have cleared 
with drainage and appropriate antibiotics, 
which makes removal of the prosthesis unnec- 
essary [7, 13]. Another invaluable characteristic 
of Marlex mesh is its high tensile strength. This 
strength allows the mesh to be stretched tightly 


. between ribs, thus providing stable reinforce- 


ment for the thoracic cage [2]. To make the full- 
est use of this property, we have secured the 
edge of the mesh directly to the ribs by placing 


sutures through drill holes or by placing sutures 


around the ribs rather than through the perios- 
teum or pericostal soft tissues. 

With this approach it has been possible to 
stretch the prosthetic mesh “banjo-string” tight 
for stability. Firm internal stabilization has 
minimized the need for postoperative ventila- 
tory support even in patients with extensive re- 
sections. On the basis of this experience, we 
conclude that the use of prosthetic material im- 
planted by the techniques presented here ex- 
pands the range of chest wall defects that can be 
repaired successfully. 
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Factors Influencing Better Results 
in Operation for Postinfarction Ventricular Aneurysms 


Ramiro Rivera, M.D., and Juan L. Delcan, M.D. 


ABSTRACT A series of 66 consecutive patients op- 
erated on for postinfarction ventricular aneurysm is 
reviewed with regard to the factors influencing the 
progressive decline of mortality (3.2% in the last 31 
patients seen). The method of myocardial protection 
has a significant influence on mortality, which was 
45% in patients operated on with aortic cross- 
clamping under conventional hypothermia and 59% 
in patients operated on under profound local 
hypothermia. Associated revascularization with vein 
bypass graft was performed in 28 patients, with- 
out mortality. The technique of aneurysmectomy 
adapted to the extension and location of the fibrotic 
scar is described, with exclusion of the septal portion 
of the aneurysm in 85% of the patients. In 36 pa- 
tients who had postoperative cardiac catheterization, 
this technique produced normal ejection fraction 
and near normal left ventricular volumes. 


Our knowledge of the pathophysiology of post- 
infarction ventricular aneurysm has progressed 
markedly in recent years as a result of the 
experience gained from the study of patients 
before and after operation and also as a result of 
a better understanding of the mechanism of 
normal and abnormal cardiac contraction. 
When ventricular dilatation occurs, the patho- 
physiology of the left ventricular function can 
be explained purely on mechanical bases by 
Laplace’s law of membranes. If one assumes 
that the left ventricle is a uniform sphere, the 
pressure (P) in the cavity and the tension (T) in 
the wall are related by the equation P = 2T/R, 
where R is the radius. To: maintain the same 
intraventricular pressure, the tension to be de- 
veloped by the wall has to be multiplied by 
twice the radius of the left ventricular cavity. 
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Thus, for a ventricle twice as big as another, 
four times as much tension must be developed 
within its wall to maintain the same pressure. 
This additional requirement in wall tension is 
reflected in increased myocardial oxygen re- 
quirement that an impaired coronary circula- 
tion may not be able to meet [5]. 

Complete surgical excision or exclusion per- 
mits the maintenance of intraventricular pres- 
sure with less wall tension and, at the same 
time, improves ventricular performance and 
relieves angina. Adequate revascularization of 
the rest of the ventricle, when needed, must 
logically ensure a better prognosis in terms of 
control of angina and recovery of cardiac func- 
tion. | 

In this paper we analyzed our experience in 
the treatment of postinfarction ventricular an- 
eurysm to discover the factors that influence the 
achievement of better results in this procedure, 
in terms of survival and left ventricular func- 
tion. 


Material and Method. . 
From November, 1972, through April, 197, 66 


patients underwent resection of left ventriculär 


aneurysms in our unit. The indications for op- 
eration were based on preoperative symp- 
toms and on the condition of the diseased 
tissue. Angina pectoris and congestive heart 
failure were the most common preoperative 
symptoms: either alone or in combination they 
were found in more than 88% of our patients. 

Three patients had ventricular arrhythmias, 
and 4 had had previous embolic episodes. In 37: 


patients in this series (57%), ventriculography 
‘disclosed the presence of thrombus in the left 


ventricle cavity and in 1 patient demonstrated a 
partial rupture of the ventricular wall and the 
development of a false aneurysm in the penean 
dium. 

Location of the aneurysm is shown in Table 
1. In 64 patients (97%), the aneurysm was in the 
anteroseptal wall of the ventricle. In 9 of them, 
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Table 1. Location and Extension 
of the Aneurysm in 66 Patients 


No. of 
Location Patients Percent 
Anterolateral wall 64 96.9 
Alene 9 
With septum 45° 
With septum, right 10? 
ventricle 
Septum (alone) 1? 1.5 
Posterolateral wall 1 15 


‘Septal involvement = 56 patients (84.8%). 


the septum was not involved. In 1 patient there 
was isolated involvement of the septum, and in 
another the aneurysm was localized in the pos- 
terolateral wall. This means that in 85% of our 
patients there was involvement of the septum.* 

Surgical treatment of postinfarction ven- 
tricular aneurysm should achieve the maximal 
reduction of the different radii of the left ven- 
tricular cavity by excision or exclusion of all 
akinetic areas. After the report by Stoney and 
co-workers [10] in 1973 describing the tech- 
nique of excision of the septum in the treatment 
of ventricular aneurysms, we have tried to 
adapt ventricular resection to the extension and 
location of the akinetic area. 

To excise anteroseptal aneurysms, a lon- 
gitudinal ventriculotomy is made 1 cm to the 
left of the left anterior descending coronary ar- 
tery (LAD). In the usual situation, that is, when 
the aneurysm involves the anterolateral wall of 
the ventricle and the anterior portion of the 
septum (Fig 1), the ventriculotomy is closed 
using three rows of sutures reinforced with 
Teflon strips. This advances the lateral edge of 
the myocardium down to the junction of the 
scar and the normal myocardial tissue in the 
septum. In this manner, the diseased portion of 
the septum is included in the closure and is 
excluded from the left ventricle cavity. 

When the anterior wall of the right ventricle 
is also involved (Fig 2), resection’ of the aneu- 
rysm involves opening both. ventricles. The 


Eiu i 
*Since completing this review, we have operated on 5 addi- 


tional patients. Two had aneurysms | located in the. pos- 
terior diaphragmatic wall of the left. yentticle. 
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Fig 1. Resection of the aneurysm and ventricular recon- 
struction when the aneurysm involves the anterolateral 
wall of the left ventricle (LV) and the anterior portion 
of the interventricular septum. (RV = right ventricle; 
diagonal lines = area of postinfarction fibrosis.) 





Fig 2. Resection of the aneurysm and ventricular recon- 
struction when the aneurysm involves the anterolateral 
wall of the left ventricle, the anterior portion of the 
sepium, and the anterior wall of the right ventricle. 
(Abbreviations same as for Figure 1.) 


anterior portion of the septum can be excised, 
and the repair is completed by joining the 
edges of the right ventricle, septum, and left 
ventricle. 

In the rare instance when the aneurysm and 
mural thrombus are limited to the interven- 
tricular septum (Fig 3), it is not necessary to 
excise any portion of the free ventricular wall of 
the left ventricle. The thrombus is removed as 
completely as possible through a longitudinal 
left ventriculotomy, and closure is accom- 
plished by suturing the left edge of the ven- 
tricular wall down to the junction of the scar 


-and the healthy muscle in the septum, with the 


technique just described. In all these situations 
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Fig 3. The technique of functional exclusion of aneu- 
rysms located in the interventricular septum only. (Ab- 
breviations same as for Figure 1). 
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Fig 4. The technique of resection and ventricular recon- 
struction when the aneurysm involves the diaphragma- 
tic wall of the left ventricle and the posterior portion of 
the septum. (LAD = left anterior descending coronary 
artery; PD = posterior descending branch; other ab- 
breviations same as for Figure 1.) 


no particular care is taken to preserve the distal 
portion of the LAD, which is usually included 
within the suture line. However, when there is 
an apical aneurysm that does not involve the 
basal zone of the septum, the LAD can be 
grafted, if there are notable proximal lesions, to 
revascularize septal and diagonal branches not 
involved in the aneurysmectomy. 

With inferior ventricular aneurysms (Fig 4), 
the same procedure is performed as for an- 
teroseptal aneurysms, but it is done in the pos- 
terior wall of the heart, which is rotated 
superiorly. A longitudinal ventriculotomy is 
made parallel to and to the left of the posterior 
descending branch and the resection is ex- 








Fig 5. Resection of the aneurysm and reconstruction of 
the left ventricle when the septum ts not involved. (Ab- 
breviations same as for Figure 1.) 


tended to the left, with the posterior papillary 
muscle as the lateral limit. Closure is performed 
by suturing the border of the left ventricle to 
the junction of the posterior scar and the an- 
terior healthy muscle of the septum. 

Conventional aneurysmectomy is reserved 
for patients with true anterolateral, lateral, or 
posterobasal aneurysms in which the diseased 
myocardium is confined to the free wall of the 
left ventricle (Fig 5). The LAD is preserved and 
can be revascularized if necessary. 

With the first 11 patients in this series, we 
performed aneurysmectomy using cardiopul- 
monary bypass, cross-clamping the aorta under 
conventional hypothermia. Then in 1974, we 
realized that it was important to improve myo- 
cardial protection and that the protection af- 
forded by aortic cross-clamping to avoid the 
risk of embolism was more theoretical than 
practical: the exit of thrombi to the aortic root is 
more difficult with the aortic valve closed than 
with it open after the aorta has been cross- 
clamped. Thus, in 1975 and 1976 we operated 
using general hypothermia at 24°C and deep 
local hypothermia induced by the method of 
Shumway [6]. Cold saline solution at 4°C was 
poured into and aspirated from the pericardial 
well, maintaining a continuous flow during an- 
eurysmectomy and cardiac ischemia. Only 
when associated revascularization was per- 
formed was aortic cross-clamping used in order 
to provide a better exposure of the left coronary 
artery branches for distal graft anastomoses. In 
1977, we induced cardiac hypothermia by per- 
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fusing the aortic root with 1,000 ml of cold 
Ringer's lactate at 4°C after cross-clamping the 
aorta. 


Results 

Hospital mortality in our series was 12% (8 pa- 
tients), and chronological analysis (Table 2) re- 
veals a progressive decline. We consider this 
improvement resulted from two main factors: 
better myocardial protection during the proce- 
dure and associated myocardial revasculariza- 
tion by coronary artery bypass graft. 

The influence of the method of myocardial 
protection on operative mortality is demon- 
strated clearly in our series. Of the 11 patients 
in whom the aorta was cross-clamped under 
conventional hypothermia (28°C), 5 died (4 of 
low cardiac output), a mortality of 45%. Of the 
55 patients operated on under deep local 
hypothermia and in whom aortic cross- 
clamping was used only to perform distal graft 
anastomosis to the left coronary branches, 3 
died, a mortality of only 5% (p < 0.01). Coro- 
nary artery bypass grafts were used in 1 patient 
in the former group of patients and 27 patients 
in the latter group. 

The influence of associated revascularization 
on mortality is evident also. There was no 
mortality among the 28 patients in whom coro- 
nary artery bypass grafting was associated with 
aneurysmectomy. Two patients received three 
grafts; 7 patients, two; and 19 patients, one 
graft. The total mortality, 8 patients, was en- 
countered in the group of patients in whom an- 
eurysmectomy was not complemented by myo- 
cardial revascularization (p < 0.025). 


Results of Catheterization 
We performed preoperative cardiac catheteri- 
zation in all patients and, at the time of writing, 
we had done postoperative studies in 36. The 
average interval between operation and the 
second catheterization was 3.6 months. 
Preoperative and postoperative ventriculo- 
grams were compared. The surfaces of the end- 
diastolic and end-systolic tracings were mea- 
sured, and the end-diastolic and end-systolic 
volumes were calculated by the Dodge method. 
The contractile area and volume of the left ven- 
tricle were also estimated and compared with 
the area and volume determined after overa- 


Table 2. Hospital Mortality (0—30 days) 


No. of 

Year Patients Mortality 
1973 2 1 (50%) 
1974 13 4 (30%) 
1975 20 2 (10%) 
1976 20 1 (5%) 
1977 11 0 

Total 66 8 (12%) 


tion. Ejection fraction was calculated before and 
after operation for the whole left ventricle cavity 
and <or its contractile zone, and the figures were 
comzared. 

Tke results of these studies are as follows: 
There was a mean reduction of 27% in end- 
dias-olic area (from 138 + 36 cm? before opera- 
tion to 101 + 18 cm? after operation) and of 38% 
in end-systolic area (from 105 + 35 cm’ to 66 + 
19 cn’), Aneurysmectomy reduced mean end- 
diastolic volume 33% (from 282 + 124 ml to 190 
+ 54 ml), and mean end-systolic volume was 
reduced 49% (from 179 + 111 ml to 91 + 41 ml). 
The postoperative figures are very close to the 
upper level of normalcy in our laboratory (175 
ml znd 75 ml for end-diastolic and end-systolic 
left ventricular volumes). 

Tne ejection fraction increased after aneu- 
rysmectomy from 0.38 + 0.11 to a practically 
normal mean value of 0.53 + 0.10. 

In general, there is a good correlation be- 
tween the postoperative figures of area, vol- - 
ume, and ejection fraction in these 36 patients 
and the estimate made before operation of the 
contractile zone of the left ventricle (Fig 6). 

The left ventricular end-diastolic pressure 
was obtained before and after repair in 36 pa- 
tierts. A reduction was noted in 18 patients, 


_anc no change or a slight increase was recorded 


in 18. The mean end-diastolic left ventricular 
pressure was 17.8 mm Hg before operation and 
20.5 mm Hg after operation. 


Comment 

Anatomically, the performance of total aneu- 
rysmectomy with a technique adapted to the 
location and the extension of the aneurysm 
seems justified. From the standpoint of the 
pacthovhvsioloev of vostinfarction ventricular 
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LV CONTRACTILE 





LV 


POSTOP. 





MEAN VALUE OF 36 CASES 


Fig 6. Sketches of the systolic (dotted line) and diastolic 
(continuous line) tracings of the preoperative and 
postoperative ventriculograms in the right anterior ob- 
ligue projections. There is a great similarity between the 
mean values for the preoperative contractile zone (top), 
and the postoperative whole left ventricular cavity 
(bottom). (LV = left ventricle; ESS = end-systolic sur- 
face; EDS = end-diastolic surface; ESV = end-systolic 
volume; EDV = end-diastolic volume; EF = ejection 
fraction.) 


aneurysms, excision or exclusion of the whole 
fibrous scar solves the problem if we admit the 
mechanism of the akinesis or consider the 
mechanism of the paradoxical pulsation. The 
operation eliminates the inelastic sac and re- 
duces the size of the ventricle cavity, thus de- 
creasing the dissipation of energy. Because less 
wall tension is needed to generate the same 
amount of intracavitary pressure, oxygen con- 
sumption is reduced and myocardial metabo- 
lism is improved. 

Conventional anterior aneurysmectomy un- 
der cardiopulmonary bypass as reported in 
1968 by Cooley and Hallman [3] and in 1963 by 
Effler and co-workers [4] confined excision to 
the diseased myocardium in the free wall of the 
left ventricle (Fig 7). However, the septum is 





Fig 7. Conventional technique of aneurysmectomy. In 
anteroseptal aneurysms, the excision is confined to the 
free wall of the left ventricle leaving in place the in- 
volved portion of the septum. (Abbreviations same as 
for Figure 1.) 


involved in most anterior aneurysms of the left 
ventricle (85% in our experience) and in in- 
ferior ventricular aneurysms. Therefore, it is 
necessary to admit that this conventional pro- 
cedure produces only a partial aneurys- 
mectomy. The same criticism applies to. the 
technique of septoplasty as reported by Cooley 
[2]. He sutured an overlay patch of knitted ve- 
lour Dacron to the septum to control paradoxical 
motion of the interventricular septum and to 
prevent embolism of the mural thrombus at- 
tached to it. 

In any case, the employment of aortocoronary 
bypass graft operation in association with ven- 
tricular aneurysm resection seems justified to 
revascularize coronary arteries not directly in- 
volved in the aneurysm formation and to im- 
prove the contractility of zones of chronically 
ischemic but viable myocardium around the 
area of totally infarcted and fibrotic muscle. 
However, comparison of the groups with and. 
without bypass is difficult because of the mul- 
tiple factors involved. Cooley [1] observed that 
among 232 patients operated on, mortality was 
16.4% in patients who did not undergo bypass 
and 14.3% in patients who had associated re- 
vascularization. In a review of the experience of 
the Texas Heart Institute, Sandiford and col- 
leagues [8] observed a hospital mortality of 
19.8% among patients operated on before the 
introduction of aortocoronary bypass proce- 
dures and 10.7% among patients operated on 
later, 71% of whom had associated revasculari- 
zation. In a report from the Cleveland Clinic [7], 
mortality of treatment in a series of 400 patients 
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with left ventricular aneurysm declined from 
20% to 6.8%, while revascularization proce- 
dures associated with aneurysmectomy in- 
creased steadily. In our series there is a statisti- 
cally significant difference (p < 0.025) between 
the short-term results in the group with bypass 
graft (no mortality) and the group without asso- 
ciated revascularization (hospital mortality of 
21%). 

The long-term prognosis for patients who 
have resection of ventricular aneurysm is 
largely dependent on the extent and progres- 
sion of occlusive disease present in portions of 
the coronary arterial tree other than the branch 
‘whose occlusion caused the aneurysm forma- 
tion. In general, in the numerous series of ven- 
tricular aneurysmectomies that have been pub- 
lished, long-term results have not been very 
encouraging. The early postoperative mortality, 
ranging between 8 and 25%, has been followed 
by a late mortality as high as 50% in three years 
[9]. This poor rate of late mortality has generally 
been attributed to recurrent myocardial infarc- 
tion caused by occlusive involvement of the re- 
sidual coronary arterial tree. Since myocardial 
revascularization procedures became available, 
their use in association with ventricular aneu- 
rysmectomy represents a logical attempt to im- 
prove those results. The validity of this as- 
- sumption is confirmed by the fact that the late 
results of aneurysmectomy combined with re- 
vascularization compare favorably with those of 
aneurysmectomy alone. In a seriés of 35 pa- 


tients who had aneurysmectomy alone before- 


the advent of coronary bypass operation, Tesler 
and colleagues [11] observed a hospital mor- 
. tality of 15% and late mortality of 12% within 
two years after operation. In contrast, in a series 


of 45 patients with associated aortocoronary : 


bypass, hospital mortality was 8.8% (4 patients), 
and there was no late mortality during the same 
time period [11]. In a series from the Cleveland 
Clinic, Loop and co-workers [7] calculated by 
the actuarial method the longevity for 392 pa- 
tients. Seventy-six percent of the patients who 
underwent ventricular aneurysmectomy were 
alive four years after operation. When patients 
operated on before the advent of revasculariza- 
tion procedures are excluded, the survival at 
four years increases to 80%. 


In -he surgical treatment of postinfarction 
ventricular aneurysms we consider it necessary 
to adapt the technique of aneurysmectomy to 
the anatomical location and extension of the 
fibrot-c scar. This implies that in most of the 
patier.ts in whom there is septal involvement, it 
is nec2ssary to exclude functionally the akinetic 
zone of the septum. 

Adequate myocardial protection and addi- 
tional revascularization, when indicated, pro- 
duce a marked improvement in surgical mor- 
tality. Complete myocardial revascularization 
and restoration of near normal left ventricular 
volumes make it possible to expect a better and 
longe- survival in these patients than in those 
in wkom only conventional resection is per- 
formed without associated revascularization. 
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tubing extends throughout our rigid quality 
control process. 

Norton employs dozens of intense quality 
control checkpoints, each documented to pro- 
vide complete traceability. Sophisticated 
instrumentation assures total uniformity of 
physical quality. Which means you can de- 
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Left Ventricular Filling Pressure 
as a Determinant of Subendocardial Blood Flow 
Jonah Manny, M.D., Richard Justice, and Herbert B. Hechtman, M.D. 


ABSTRACT The effect of ventricular diastolic pres- 


sure on subendocardial flow was studied during iso- 
volumic contraction in an isolated heart. In 9 exper- 
iments flow averaged 95 + 8 ml/min - 100 gm of tissue 
(mean + standard deviation). With balloon inflation 
to 50 ml, diastolic pressure increased from 1 + 2mm 
Hg to 14 + 4 mm Hg (p < 0.001). Peak systolic pres- 
sure rose from 42 + 12 mm Hg to 128 + 18 mm Hg 
(p < 0.001), while perfusion pressure fell from 115 + 
24 mm Hg to 78 + 19 mm Hg (p < 0.001). The 
subendocardial/subepicardial flow ratio decreased 
from 1.30 + 0.24 to 0.96 + 0.34 (p < 0.001). A reduc- 
tion in myocardial lactate extraction and electro- 
cardiographic evidence of subendocardial ischemia 
was observed in those hearts in which the 
subendocardial/subepicardial ratio fell below unity. 
Immediately after balloon deflation the ratio in- 
creased to 2.50 + 0.90 (p < 0.001) and perfusion pres- 
sure fell to 64 + 19 mm Hg (p < 0.001). This is con- 
sistent with a reactive hyperemia. During balloon 


inflation the subendocardial/subepicardial flow ratio — 


correlated indirectly with diastolic pressure (r = 
~0.84; p < 0.001) and directly with perfusion pres- 
sure (r = 0.87; p < 0.001). Correlation of the flow 
ratio with the ratio of perfusion pressure to diastolic 
pressure was excellent (r = 0.97; p < 0.001). These 
results suggest that diastolic pressure influences the 
subendocardial/subepicardial ratio by mechanical 
compression and that this diastolic compressive 
force is most pronounced as perfusion pressure falls 
in response to increased systolic work. 


In the normal left ventricle, the largest fraction 
of total coronary blood flow occurs during 
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diastole [3, 5, 7]. Mechanical forces during sys- 
tole not only restrict total coronary flow but also 
lead to its nonuniform distribution. The sub- 
endocardium is particularly vulnerable since 
the systolic intramyocardial compressive forces 
are greatest in this region [2, 4, 10, 12]. As a 
consequence, subendocardial flow occurs pri- 
marily during diastole [11]. Despite this phasic 
pattern of subendocardial flow, normal coro- 
nary perfusion is relatively uniform. The flow 
ratio between inner and outer layers of the 
myocardium is slightly greater than one [1, 6, 
8]. 

Diversion of coronary flow during diastole to 
the subendocardium is accomplished by gra- 
dations in vascular resistance. The subendocar- 
dial vessels are partially vasodilated. Further 
capacity to dilate and capture diastolic flow 
exists, but the subendocardium may exhaust 
these homeostatic reserves if coronary blood 
flow is restricted or if left ventricular filling 
pressure becomes inordinately elevated [8, 9, 
15]. 

The purpose of the present study was to 
determine whether subendocardial ischemia 
could be induced by modest increases in pre- 
load while coronary blood flow was maintained 
at normal levels. An isolated, perfused heart 
undergoing isovolumetric contraction was 
used. Flow distribution was determined by 
microspheres. 


Methods 

Nine experiments were conducted using an in- 
tact dog as a source of arterial blood to perfuse 
the coronary arteries of an isolated heart. The 9 
support animals weighed from 26.5 to 33.0 kg. 
They were anesthetized with sodium pen- 
tobarbital, 30 mg per kilogram of body weight, 
intubated, and ventilated with room air using a 
volume-cycled respirator at a tidal volume of 15 
ml per kilogram and a rate of 12 cycles per min- 
ute. The animals were heparinized (3 mg per 
kilogram). Arterial and thermistor-tipped pul- 
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monary artery catheters (Instrumentation Lab- 
oratories, Lexington, MA) were positioned 
through one set of femoral vessels. The oppo- 
site groin was used to cannulate the aorta and 
vena cava using polyvinyl tubing (5 mm, inter- 
nal diameter). Anesthesia and paralysis were 
maintained with a slow intravenous infusion of 
pentobarbital and succinylcholine in saline so- 
lution. Pentobarbital, 750 mg, and succinyl- 
choline, 400 mg, were added to 150 ml of normal 
saline solution. The infusion rate was 0.5 ml per 
minute. External heat was used to maintain 
body temperature at 37° C. Arterial blood gases 
and pH were measured with standard Clark 
and Severinghaus electrodes. Mean arterial, 
mean pulmonary arterial, mean pulmonary 
arterial wedge, and mean central venous pres- 
sures were measured with strain-gauge trans- 
ducers. The pulse was monitored, and the car- 
diac output was determined in triplicate by the 
thermodilution technique. 


Isolated Heart 

Nine animals weighing 26.0 to 31.0 kg were 
anesthetized with Pentothal (sodium thiopen- 
tal), 30 mg per kilogram, intubated, and placed 
on a volume-cycled ventilator. A median ster- 
notomy was performed, and the heart with all 
its vascular structures was isolated (Fig 1). The 
azygos vein was divided between ligatures, 
and umbilical tapes were placed around the 
venae cavae, descending aorta, and both 
brachiocephalic arteries. The animal was then 
heparinized (3 mg per kilogram) and both 
brachiocephalic vessels were cannulated. Sub- 
sequently, the right vessel was used for retro- 
grade coronary perfusion and the left for 
monitoring the perfusion pressure. A cannula 
for coronary sinus drainage was placed in the 
right ventricle through the right atrial appen- 
dage. Blood from this cannula flowed to a ve- 
nous reservoir. Coronary sinus pressure was 
never higher than 0 mm Hg. While the reservoir 
was being primed with 500 ml of blood, the 
descending aorta and the venae cavae were li- 


gated and divided. Coronary perfusion was. 


then initiated. 

Arterial blood was withdrawn from the aorta 
of the support dog by means of an occlusive 
roller pump (Cardiovascular Instrument Corp, 
Wakefield, MA). Coronary perfusion was fixed 





Fig 1. The isclated heart with ligatures around the 
venae cavae and azygos vein. The hili of both lungs are 
ligated as we.l as the aorta distal to the arch vessels. 
These arch vessels are cannulated for retrograde coro- 
nary perfusion and monitoring of perfusion pressure. 
Coronary situs blood is drained through a cannula in 
the right ver-ricle. The inflated ballaon ts shown in the 
left ventricle The neck of the balloon passes through a 
disc, which i= held in place below the mitral valve with 
a pursestring suture. Another cannula drains blood from 
the thebesiax veins in the left ventricle. 


at a rate of 180 ml per minute, measured by 
timed colleztions in the venous reservoir. A 
second rolier pump was used to return blood to 
the support dog through a 40 u blood filter (Pall 
Ultipore, Glen Cove, NY). 

The entir2 pericardial sac was resected. The 
hili of the lungs were ligated and divided. A 
cannula wes inserted into the apex of the left 
ventricle fo drainage of the thebesian veins. 
This blood went into the venous reservoir. The 
trachea was transected at the base of the neck 
and was used to suspend the heart following its 
removal from the thoracic cavity. 

After electrical fibrillation, the left atrium was 
opened anc the chordae tendineae were tran- 
sected. A prrsestring suture was placed in both 
mitral valve leaflets. A flaccid latex balloon, 
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whose neck was brought through a disc, was 
inserted into the left ventricle through the atrial 
incision. The disc was secured below the mitral 
valve by tightening the pursestring suture, 
thereby preventing the balloon from slipping 
through the valve. In 4 experiments, a fine 
bipolar electrode was glued to the outside of the 
balloon for continuous monitoring of the in- 
tracavitary electrocardiogram. The orifice of the 
balloon was connected to a saline-filled syringe 
and strain-gauge transducer. This provided a 
measure of intracavitary systolic and diastolic 
pressures as balloon volume was changed. 
Pressure measurements taken outside the heart 
showed no pressure increase at balloon vol- 
umes up to 60 ml. Following balloon placement, 
the heart was defibrillated and was immersed 
in a 38°C temperature-controlled saline bath. 
The heart beat spontaneously. 


Flow Distribution 

Microspheres with a specific gravity of 1.2, 
measuring 15 + 3 u (confirmed by microscopy), 
were labeled with 3 different gamma-emitting 
isotopes: strontium 85, cerium 141 (3M Co., St. 
Paul, MN), and tin 113 (New England Nuclear, 
Boston, MA). The isotope label was not leached 
from the microsphere in any biological solution 
tested. There was no evidence of microsphere 
clumping by microscopy. 

Energy windows were chosen in such a way 
that the ratio (total counts)/background was 
maximized. The specific activity of each labeled 
microsphere used for injection was approxi- 
mately 5 Ci per milliliter. This represented the 
equivalent of 200,000 microspheres per milli- 
liter. Before injection, the saline-microsphere 
suspension was shaken vigorously for five 
minutes. One milliliter was then rapidly in- 
jected into the arterial perfusion circuit 30 cm 
proximal to the aortic arch. The sequence of 
microspheres injected was varied randomly. 
Routine sampling of coronary venous blood 
failed to yield any radioactivity, indicating 
complete entrapment by the capillarv bed. 


Experimental Protocol 

The left ventricular balloon was inflated with 
10 ml of saline solution, and the support dog 
was observed for at least fifteen minutes to be 
certain of cardiovascular stability. This was as- 


Balloon Volume (ml) 


4140r H 10 + 50 -+———- 10 — 


T e 
t off 


Injections of Microspheres 


Perfusion Pressure 


Fig 2. The three experimental observation periods are 
shown. Arrows indicate the injection of microspheres. 
After a baseline study, the balloon was inflated to 50 ml. 
Perfusion pressure fell and stabilized, at which time the 
second study was done. Deflation of the balloon led to 
an abrupt further fall in perfusion pressure, averaging 
14 mm Hg. After 30 to 60 seconds, perfusion pressure 
started to rise. At this point the final study was done in 
an attempt to identify a possible hyperemic response to 
the sudden removal of the diastolic compressive force. 


sured by repeat measurements of blood gases, 
pH, blood pressures, and cardiac output. 
Diastolic, peak systolic, and mean coronary 
perfusion pressures were recorded for the iso- 
lated heart and a cavitary ECG was made. An 
injection of microspheres was given (Fig 2). 

The left ventricular balloon was then inflated 
to 50 ml. Ten minutes were allowed to elapse, at 
which time the isolated heart had reached a 
new stable state. Pressures and ECG values 
were recorded, and a second tracer dose of mi- 
crospheres was injected. Arterial and coronary 
sinus blood samples were taken for the mea- 
sure of blood gases and lactate (fluorometric 
method). 

Immediately following deflation of the left 
ventricular balloon to 10 ml, coronary perfusion 
pressure fell and after 30 to 60 seconds started to 
rise slowly (see Fig 2). Pressure readings were 
taken and the third injection of microspheres 
was given at the first evidence of increase in 
coronary perfusion pressure. This period was 
chosen for study since it represented a period of 
possible reactive hyperemia. 

Following termination of the experiment, the 
isolated heart was freed of epicardial fat, major 
blood vessels, and the tracheal remnant. All 
blood was drained by gravity, and the heart 
was weighed. Regional coronary flow was de- 
termined from the distribution of subendocar- 
dial and subepicardial microspheres. A coronal 
ring of the left ventricular wall was cut 2 cm 
below the mitral valve. The free wall portion of 
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this ring was divided into inner (subendocar- 
dial) and outer halves (subepicardial). Two 
segments of the inner half and two of the outer 
half were removed, weighed, and counted in a 
well scintillation system. Counts per minute 
were standardized to counts per minute per 
gram of tissue. The means of the two inner and 
two outer pieces were used to calculate the ratio 
of subendocardial to subepicardial flow. 


Statistical Analysis 
To test the effect of a change in balloon volume 
on a particular variable, the paired t test was 


used. Regression analysis was also used to test : 


the association of variables at a particular bal- 
loon volume. ) 


Results 

Hemodynamics, blood gases, and pH remained 
stable in the support dogs throughout the course 
of the experiment (Table 1). Coronary blood 
flow through the 9 isolated hearts averaged 95 
+ 8 ml/min - 100 gm of heart tissue (mean + 1 
standard deviation). This variation was due to 
the difference in heart weights, known. only at 
the end of the experiment. Manipulation of the 
left ventricular balloon volume from 10 to 50 ml 
and back to 10 ml did not alter pulse rate of the 
isolated hearts. The average rate was 128 + 8 
beats per minute for all 9 hearts at each of the 
three balloon volumes. 

The initial balloon volume of 10 ml resulted 
in low diastolic pressures averaging 1 + 2 mm 
Hg and low peak systolic pressures of 42 + 12 
mm Hg (Table 2). The mean perfusion pressure 
was 115 + 24 mm Hg while the subendocar- 


dial/subzpicardial flow ratio was 1.30 + 0.20 
(Table 31 

Inflation of the balloon to 50 ml, while main- 
taining = constant rate of coronary perfusion, 
led to a significant rise in diastolic pressure to 
14 + 4mm Hg (p < 0.001) and a rise in systolic 
pressure to 128 + 18 mm Hg (p < 0.001). Perfu- 
sion pressure fell to 78 + 19 mm Hg (p < 0.001). 
There was also a significant decline in the sub- 
endocarc.al/subepicardial flow ratio to 0.95 
+ 0.34 (see Table 3). All 9 hearts demonstrated a 
reduction in flow ratio. In 4 hearts, the ratio fell 
below ur-ty. 

Deflaticn of the left ventricular balloon to the 
baseline +olume of 10 ml caused an immediate 
decline iz perfusion pressure in all isolated 
hearts. The average pressure recorded 30 to 45 
seconds following deflation was significantly ` 
lower than that observed during inflation | 
(p < 0.0C1) (see Table 2) and was certainly 
lower thar the original baseline value (p < 0.001). 
During the next ten minutes, perfusion pres- 
sure grad—ally rose until baseline levels were 
reached (see Fig 2). While diastolic pressures 
immediate.y after balloon deflation were simi- 
lar to baseline values, systolic pressures were 
significant’y lower (p < 0.01) (see Table 2). 

Immediz-ely following balloon deflation, the 
subendocardial/subepicardial flow ratios rose 
significantiv to 2.50 + 0.90 (p < 0.001), a value 
higher than the baseline ratio (p < 0.005). These 
results are consistent with a subendocardial 
reactive hyperemia. ECG abnormalities ap- 
peared durng balloon inflation in 2 of the 4 
hearts in waich an intracavitary electrode had 


_ been placec (Table 4). These abnormalities con- 


Table 1. Hemodynamic and Metabolic Profile of the Support Dos at the Start 


and Completion of the Experiment 


CO MAP MPAP PAWP CVP | PaO, PaCoO, Hb 
(Li (mm (mm (mm (mm Pulse Temp (mm (mm _ pH (gm/ 
Experiment min) Hg)- Hg Hg) Hg) (min`’) (°C) Hg) Hg) (units) 100 ml) 
Start 
Mean 3.74 128 14.8 6.8 53 158 37.1 91.3 37.5 7.37 13.5 
SD 1.00 12 2.9 2:9 2.0 9 0.5 6.9 3.9 0.03 1.4 
Completion 
Mean 3.65 127 13.5 5.6 4.8 160 36.6 96.0 35.8 7.34 12.5 
SD 1.03 13 3.2 2.6 2.3 14 0.5 4.3 2.9 0.05 1.2 


CO = cardiac output; MAP = inean arterial pressure; MPAP = mean pulmocary arterial pressure; PAWP = pulmonary 
arterial wedge pressure; CVP = central venous pressure; Hb = hemoglobin; SD = standard deviation. 
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Table 2. Changes in Diastolic, Systolic, and Perfusion Pressures with Balloon Inflation 
ee a a a ee 


Diastolic 

(mm Hg) 
Balloon Volume (ml): 10 50 10 
Experiment 
1 2 15 0 
2 3 24 1 
3 —1 16 —2 
4 4 I2 —2 
5 —3 11 —2 
6 —2 13 —1 
7 1 10 Q 
8 0 18 1 
9 2 9 3 
Mean 1 14 0 
SD 2 4 2 
p° <0.001 <0.001 
p? NS 


Systolic Perfusion 

(mm Hg) (mm Hg) 
10 50 10 10 50 10 
28 100 25 76 48 35 
50 110 25 82 54 38 
33 120 12 123 93 84 
42 140 11 129 100 80 
56 150 58 150 100 87 
40 130 35 120 80 70 
50 130 30 110 75 65 
20 110 20 140 60 52 
56 150 38 110 88 67 
42 128 28 115 78 64 
12 18 14 24 19 19 

<0.001 <0.C01 <0.001 <0.001 
<0.001 <0.001 


ap = probability of a difference between balloon volume of 10 ml to 50 ml or from 50 ml to 10 ml. 
by = probability of a difference between the initial and final balloon volumes of 10 ml. 


SD = standard deviation; NS = not significant. 


Table 3. SubendocardtaliSubepicardial Fiow Ratio 


Balloon Volume (ml) 


Experiment 10 50 10 

a 1.01 0.58 3.02 
2 1.12 0.51 1.72 
3 1.29 0.99 1.94 
4 Ly 1.28 4.16 
5 1.61 1.31 1.73 
6 1.12 0.81 2.27 
7 1:37 1.21 3.57 
8 1.13 0.61 2.08 
9 1.50 1.30 ZH 
Mean 1.30 0.95 2.50 
SD 0.20 0.34 0.90 
p Value <0.001 <0.001 





SD = standard deviation. 


sisted of S-T segment elevations of 2 and 
3 mm, which returned to normal after balloon 
deflation. The flow ratios and lactate extractions 
of these 2 hearts were among the lowest in the 
entire group. On the other hand, in the 2 hearts 
in which the S-T segment remained normal 
(Experiments 3 and 5), the flow ratios and lac- 


Table 4. Lactate Extraction and Intracavitary ECG 
Changes during Left Ventricular Distention 
(Balloon volume of 50 ml) 





Lactate Extraction ECG 
Experiment (mMj/L) Changes 
1 0.33 
2 0.29 ais 
3 0.40 No change 
4 C61 a 
5 0.52 No change 
6 0.28 ; S-T f 2mm 
7 0.44 TON 
8 0.17 S-T f 3mm 
9 0.49 





ECG = electrocardiographic. 


tate extractions at balloon volumes of 50 ml 
were high. 

During balloon inflation, the subendocar- 
dial/subepicardial flow ratios fell, as did lac- 
tate extraction. The strong correlation between 
these two variables (r = 0.89; p < 0.001) is 
shown in Figure 3. Myocardial ischemia was 
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Fig 3. Lactate extraction decreased along with the flow 
ratio (r = 0.89; p < 0.001). 


never so severe or generalized as to result in 
net lactate production (see Table 4). 


Comment 

Increase in preload in the isolated heart from a 
mean of 1 mm Hg to 14 mm Hg resulted in a 
marked increase in peak systolic pressure from 
42 mm Hg to 128 mm Hg. Despite the fact that 
coronary blood flow was held constant at a rel- 
atively normal value of 95 ml/min - 100 gm of 
tissue, there was coronary vasodilatation evi- 
denced by a fall in perfusion pressure from 115 
mm Hg to 78 mm Hg. 


Coronary Vasodilatation 

Inflation of the balloon led to a decrease in 
perfusion pressure in our fixed flow prepara- 
tion. This signaled a fall in coronary vascular 
resistance, which was most likely a response to 
the increased metabolic requirements of the 
high systolic pressure. In:the normal, in situ 
heart this autoregulatory response leads to in- 
creased flow while perfusion pressure is held 
relatively constant. 

During balloon inflation there is evidence 
that coronary vasodilatation alters the optimal 
distribution of flow. As perfusion pressure 
falls, the subendocardial/subepicardial flow 
ratio decreases (r = 0.87; p < 0.001) (Fig 4). A 
flow ratio somewhat above unity indicates that 
internal autoregulatory processes are still oper- 
ative and that flow is being diverted to the sub- 
endocardium. However, as vasodilatation con- 
tinues and perfusion pressures fall below 70 
mm Hg, the flow ratio falls below unity. At this 





Endocardial/Epicardial Ratio 


80 
Perfusion Pressure (mmHg) 


120 


Fig 4. Perfusion pressure is an important determinant of 
the flow rafio ia our experimental preparation in which 
coronary ficz 5 fixed (r = 0.87; p <0.001). This ratio 
falls below unity when the perfusion pressure is less 
than 75 to 80 nen Hg. In theory, subendocardial flow 
will stop completely at a perfusion pressure of 20 mm 
Hg. 


point, flow distribution in the myocardium is 
subject principally to mechanical forces such as 
myocardial wall tensions and driving pressures 
[14]. 


Subendocar&al Underperfusion and Ischemia 
Subendocardial underperfusion and ischemia 
are suggested by (1) the uniform decline in flow 
ratios folowirg inflation of the left ventricular 
balloon. Five bf the ratios decreased to one or 
lower. (2) Mtyccardial lactate extraction declined 
with the flow zatios (see Fig 3). (3) S-T segment 
elevation was observed at low levels of lactate 
extraction ‘zee Table 4). (4) Deflation of the left 
ventricular bafoon resulted in a transient low- 
ering of ferfasion pressure. This coronary 
vasodilatation occurred principally in the sub- 
endocardium, a fact suggested by the uniform 
increases in the subendocardial/subepicardial 
flow ratios ‘see Table 3). Further, that these 
ratios rose aDove baseline values indicates this 
subendocardial flow was excessive, presumably 
representing ¢ reactive hyperemia. Finally, 
systolic pre=sures on balloon deflation were 
significantly lower than baseline values, even 
in those hearts in which diastolic pressures 
were higher ‘sez Table 2), This decrease in car- 
diac perforrnar.ce immediately after balloon 
deflation pr=abzebly reflects the limited work 
capacity of an .schemic myocardium that has 
not yet paid -ts oxygen debt. 
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Fig 5. The flow ratio declines abruptly when diastolic 
pressures exceed 12 mm Hg. The correlation of these 
variables was highly significant (p < 0.001) (sze text). 
From 9 to 12 mm Hg, the flow ratios were comparable 
to those observed at lower baseline preloads (open cir- 
cle). 


Determinants of Subendocardial Flow 
In this experimental preparation in which total 
coronary blood flow was fixed at normal levels, 
it might be predicted that intrinsic autoregula- 
tory mechanisms would predominate in the 
regulation of flow distribution. However, bal- 
loon inflation led to several metabolic and me- 
chanical events that exceeded the capacity of 
these intrinsic autoregulatory mechanisms. In 
the first place, balloon inflation resulted in a 
decrease in perfusion pressure. This vasodila- 
tation accompanied the rise in systolic work 
and systolic intramyocardial wall tension. The 
fall in overall vascular resistance implies that 
the resistance gradient, which normally de- 
creases from the subepicardium to subendocar- 
dium, might be inadequate to maintain suben- 
docardial flow. The experimental observation 
was that as perfusion pressure decreased so did 
the flow ratio (see Fig 4). Also, with coronary 
sinus pressure set at zero, balloon inflation re- 
sulted in the direct application of a compressive 
force to the subendocardium. As this diastolic 
compressive force increased, the flow ratio fell. 
Linear regression analysis yielded the equa- 
tion: flow ratio = 1.8 — 0.6 DP (diastolic pres- 
sure) (r = 0:84, p < 0.001). A power curve fit, 
where flow ratio = 15 DP™"", yielded a slightly 
better correlation (r = 0.87) (Fig 5). 

As intrinsic coronary autoregulation capabil- 
ities are exhausted, flow distribution becomes a 
function of extrinsic mechanical compressive 
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Fig 6. The ratio of perfusion pressure to diastolic pres- 
sure predicts the flow ratio (r = 0.97; p < 0.001). Smail 
changes in preload may have profound effects on sub- 
endocardial flow if perfusion pressure is low. This type 
of relationship ts characteristic of a pressure-dependent 
system in which intrinsic autoregulatory forces are no 
longer effective in diverting flow to the subendocar- 
dium. In theory, diastolic pressure is only of significance 
if it is higher than coronary sinus or right atrial pres- 
sure. 


factors and driving pressures. Thus, as diastolic 
subendocardial wall pressure exceeds coronary 
sinus pressure, as occurred during balloon 
inflation, it may be predicted that subendocar- 
dial resistance will increase and flow will be 
diverted from this region [16]. Resistance in the 
subendocardium will be determined by dias- 
tolic pressure while subepicardial resistance 
will remain a function of the perfusion pres- 
sure. Flow will be inversely related to these re- 
sistance factors. Indeed the ratio of perfusion 
pressure to diastolic pressure accurately pre- 
dicts the flow ratio (r = 0.97; p < 0.001) (Fig 6). 
It should be emphasized that diastolic compres- 
sive forces exert their most profound effects 
when coronary sinus pressure is low. Diastolic 
pressure becomes a factor affecting suben- 
docardial resistance only when it exceeds coro- 
nary sinus pressure. 


The Starling Mechanism 

Subendocardial flow is an important determi- 
nant of contractility at a given preload. Even at 
baseline conditions with a balloon volume of 10 
ml, the subendocardial/subepicardial flow ratio 
correlated significantly with systolic pressure 
(Fig 7). When preload was increased, the flow 
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Fig 7. Systolic pressure is determined by the flow ratio. 
This is true both at the low preloads of baseline condi- 
tions (broken line) (r = 0.64; p < 0.05) and at higher 
preloads (dotted line; r = 0.90, p < 0.001). The lines 
connecting tke closed circles (balloon volume, 10 ml) 
and open circles (balloon volume, 50 ml) slant to the 
right. This is because the flow ratio decreases as preload 
` is increased. The effect of preload is more pronounced if 
the starting fiow ratio is low. Thus the three lines on the 
right have a greater slant. The Starling mechanism re- 
lates increased stroke work to increased preload. This 
remains true vroviding preload does not reduce the flow 
ratio to critical levels. When this occurs, a plateau or 
descending limb of the Starling curve ts predictable. 


ratio fell. Again, systolic pressure was signifi- 
cantly related to the flow ratio. 


In the normal intact heart as preload is in- 


creased, coronary blood flow rises. The dis- 
tribution of vascular resistance is readjusted to 
maintain subendocardial perfusion. Coronary 


artery disease may limit the capacity to increase 


flow and to maintain a resistance gradient. This 
clinical state may mimic our experimental prep- 
aration. As preload rises, the increment in 
stroke work and coronary flow requirements 
may not be met with a satisfactory increase in 
flow. It is of note that systolic pressure and, 
therefore, work are directly related to the flow 
ratio. This argues that systolic pressure itself is 
not a direct cause of subendocardial ischemia. 
However, the coronary vasodilatation resulting 
from increased work coupled with subendocar- 
dial compressive forces may well jeopardize 


flow to the subendocardium. With further in- 
creases in preload, a descending limb of the 
Starling carve may become manifest (see Fig 7). 

Other <lirical states exist in which coronary 
autoreguation can be impaired. Thus severe 
sepsis may induce generalized coronary vas- 
odilataticn. This combined with low aortic and 
therefore low coronary perfusion pressures can 
lead to szbendocardial ischemia. This may be 
the mech=nism underlying the descending limb 
of the Starling curve noted in 50% of severely 
septic patients at the relatively low left ven- 
tricular filling pressure of 10 to 12 mm Hg [17]. 

Finally. there is difficulty in defining the 
normal value for total coronary flow as well as 
the normal subendocardial/subepicardial flow 
ratio. Even though our baseline ratio averaged 
1.3 and tczal flow was thought to be abundant, 
the capacity to generate systolic pressure was 
still related to the flow ratio. Other reports 
document the direct relationship of flow to the 
developed systolic pressure [13]. It may there- 
fore be pr=mature to define normal total flow or 
flow ratio. 
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CASE REPORTS 


Surgical Correction of Pulmonary 


Atresia 


with Multiple Large Systemic-Pulmonary Collaterals 


David A. Murphy, M.D., K. S. Sridhara, M.D., 
Maurice A. Nanton, M.B., Douglas L. Roy, M.D., 
Christian L. Belcourt, M.B., and D. Alex Gillis, M.D. 


ABSTRACT A young patient in whom the pulmo- 
nary blood flow was supplied completely by five 
systemic-pulmonary collaterals underwent recon- 
struction of the pulmonary outflow tract by a new 
technique. This consisted of the insertion of a 
valve-bearing conduit between the right ventricle 
and an isolated segment of the descending aorta, 
which gave rise to three of the collaterals. Although 
the patient had a hypoplastic pulmonary artery con- 
fluence, other factors mitigated against its use as the 
sole conduit for right ventricular output. 


Surgical techniques have been described for 
palliative and reconstructive procedures for pa- 
tients with various types of pulmonary atresia 
and ventricular septal defects. One type of pul- 
monary atresia in which.the lung is supplied in 
part by confluent hypoplastic pulmonary ar- 
teries and in which other segments are supplied 
by separate systemic-pulmonary collaterals pre- 
sents a unique problem. Shunting to enlarge 
the confluence has been shown to be effective 
[6, 12, 15}, but ligation of the hypertensive col- 
laterals has caused lung infarction [8, 12]. The 
purpose of this report is to describe a technique 
used to successfully reconstruct a pulmonary 
circulation, utilizing both pulmonary blood 
Sources. 


The patient was referred to this hospital with 
congestive heart failure when she was 3 months 
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old. Catheterization at that time established a 
diagnosis of pulmonary atresia, ventricular 
septal defec= and a high pulmonary blood flow 
from multiple systemic-pulmonary collaterals 
arising from the descending aorta. She re- 
sponded we_l to digitalization. 

When she was 3 years, 6 months old, the pa- 
tient underwent two further cardiac catheter- 
izations in which normal segmental anatomy 
15, D, S}* was identified. She had two ventricles 
of equal size connected by a large ventricular 
septal defect, and a definite right ventricular 
infundibulum. There was no main pulmonary 
artery. Selec-ive angiography in the descending 
aorta sugges-ed that there were two systemic- 
pulmonary collaterals supplying the lung, one 
supplying the pulmonary artery confluence of 
unknown size and the other, the right middie 
lobe and some of the right lower lobe. To de- 
lineate the s:ze of the pulmonary confluence, a 
third cardia= catheterization was performed, 
using the technique reported by Chesler and 
associates [2_ combined with a pulmonary vein 
wedge flush technique. Three major branches 
were demonstrated to come off the descending 
aorta (Fig 1). One vessel (Fig 1, A) passed first 
to the right, then to the left to exclusively sup- 
ply all segments of the left upper lobe, except 
the lingula. 4 second vessel (Fig 1, B), which 
was later des-gnated as a duct since the recur- 
rent laryngeal nerve passed around it, supplied 
the lingula, zhe left lower lobe, and subse- 
quently, throagh a large tortuous connection, a 
hypoplastic pulmonary artery confluence. The 
right side of this confluence supplied most of 
the right upper lobe and an indefinite amount 
of the lower lobe. A third vessel from the aorta 
(Fig 1, C) supolied a lobar segment of the right 
lower and right middle lobes. A fourth collat- 


*Situs solitus of fhe viscera and atria, p-loop, solitus nor- 
mally related gre=t arteries. 
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Fig 1. Composite drawing of the pulmonary circulation. 
The hatched lines at Arepresent the systemic-pulmonary 
collateral supplying the left upper lobe, except the lin- 
gula, while those marked at C indicate a vessel sup- 
plying a lobar segment of the right lower lobe and the 
right middle lobe. The black vessel, B, is a ductlike 
structure supplying the pulmonary artery confluence. 
The fourth and fifth collaterals are not shown. 


eral was identified at operation. Two sites of 
peripheral pulmonary artery stenosis were also 
demonstrated. A fifth large systemic-pulmo- 
nary collateral was found on postoperative 
catheterization. This vessel arose from the 
right subclavian artery and supplied, in con- 
junction with a portion of the pulmonary artery 
confluence, the right upper lobe. 

The pressure in the two systemic-pulmonary 
collaterals, which supplied most of the left 
upper lobe and the right middle lobe, was al- 
most systemic: 99/56 mm Hg (mean, 70) and 
87/46 mm Hg (mean, 64), respectively, and in 
the aorta it was 99/48 mm Hg. The pressure in 
the ductlike communication was 91/68 mm Hg 
(mean, 54). 


Surgical Technique 

The patient was placed in 45 degrees lateral re- 
cumbency and prepared for a left fourth in- 
terspace thoracotomy and a median ster- 
notomy. The descending aorta was exposed 
first through a left thoracotomy. Four systemic- 
pulmonary collaterals were identified. A small, 
2 mm vessel came off the right anterior aspect of 
the descending aorta at the level of the left sub- 
clavian artery. Three large systemic-pulmonary 
collaterals came off the anterior descending 
aorta at the level of the fourth and fifth verte- 
brae. These measured 4, 5, and 8 mm in diame- 


ter, respectively. The larger collateral was ap- 
proximately 3 cm distal to the left subclavian 
artery, not a typical location for a duct, but 
around its base was the left recurrent laryngeal 
nerve. A median sternotomy was performed to 
identify the pulmonary artery confluence. This 
was found in the pericardial cavity and mea- 
sured approximately 6 mm in diameter. No 
connection with the right ventricle was present. 
A small, 8 mm, blind diverticulum was identified 
where a normal main pulmonary artery should 
have been. The aortic root measured 2.5 cm, 
tapering to approximately 1 cm at the level of 
the descending aorta. The coronary anatomy 
appeared normal. 

In view of the dual pulmonary artery supply 
and the hypoplasia of the confluence, the fol- 
lowing procedure was performed: The patient 
was placed on cardiopulmonary bypass, using 
the ascending aorta for arterial return. The four 
systemic-pulmonary collaterals were occluded. 
Despite control of the collaterals, perfusion 
pressure remained low, and the heart required 
venting in both the left atrium and the right 
ventricle. Because we suspected aortic insuf- 
ficiency, the aorta was temporarily cross- 
clamped, yet the perfusion pressure remained 
low, despite increasing bypass flow and the use 
of vasopressors. There was no left superior vena 
cava and although other systemic-pulmonary 
collaterals were suspected, their identity had to 
await postoperative catheterization. The body 
temperature was dropped to 25°C. 

The procedure itself had six principal steps. 
(1) The descending aorta was clamped at the 
level of the left subclavian and transected 
obliquely (Fig 2). (2) The descending aorta just 
distal to the three major pulmonary collaterals 
was ligated with heavy Dacron suture. (3) The 
aortic continuity was then reconstructed with a 
12.5 woven Dacron graft, end-to-end to the 
proximal aorta and end-to-side to the distal 
aorta below the ligature, after an oval piece of 
aortic tissue was excised. (4) A previously mea- 
sured 18 mm Edwards valve-bearing conduit 
was then sutured end-to-end to the oblique end 
of the isolated aortic segment containing the 
three systemic-pulmonary collaterals and two 
pairs of intercostal arteries. This anastomosis 
was lateral to the reconstructed aorta, but the lie 


462 The Annals of Thoracic Surgery Vol 27 No 5 May 1979 





Fig 2. (1) The aorta ts transected obliquely below the left 
subclavian artery and (2) is ligated distal to the systemic- 
pulmonary collaterals. (3) It is reconstructed with a 
woven Dacron graft. (4) Valve-bearing Dacron conduit 
is interposed between the right ventricle and the prox- 
imal end of the isolated aortic segment. (A and C = two 
systemic-pulmonary collaterals; B = ductile communi- 
cation.) 


was improper and the reconstructed aorta was 
done again so that it lay lateral to the new pul- 
monary artery conduit. (5) Through the median 
sternotomy, the right ventricle was opened 
with a vertical ventriculotomy, and an infun- 
dibulectomy was performed. The aortic valve 
was overriding the septum by 25% and was in- 
competent. It was temporarily made competent, 
using the technique described by deLeval and 
associates [3]. The ventricular septal defect was 
large (2 cm) and located more anteriorly than 
usual for a tetralogy malformation. It was closed 
with a patch of single velour woven Dacron, 
with interrupted and continuous stitching. (6) 
The conduit was then attached to the right ven- 
triculotomy with a running 4-0 Prolene suture. 
The conduit lay over the hilum of the left lung. 

At cessation of bypass the following pres- 
sures were noted: right ventricle, 55 mm Hg; 
conduit proximal to the valve, 50 mm Hg; 
left ventricle, 85 mm Hg; right atrium, 8 mm 
Hg; and left atrium, 4 mm Hg. 


B 


Fig 3. Postoperative angiography: (A) aortic injection 
demonstrating the right subclavian pulmonary collateral 
(white arrow) and (B) right ventricular injection dem- 
onstrating the pulmonary artery conduit. 


After operation, the patient required two 
days of peritoneal dialysis, probably as a con- 
sequence of the low perfusion pressure during 
the operation. She was discharged home three 
weeks later. 

Tne patient was readmitted six weeks fol- 
lowing operation for recatheterization (Fig 3). A 
fifth collateral was identified arising from the 
right subclavian artery, sharing the pulmonary 
blood supply with the pulmonary artery conflu- 
ence to the right upper lobe. The following 
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pressures were recorded: right atrium, mean, 7 
mm Hg; right ventricle, 90/7 mm Hg; conduit 
above the valve, 80/25 mm Hg; conduit below 
the valve, 80/25 mm Hg; left ventricle, 90/8 mm 
Hg; and aorta, 90/60 mm Hg. Simultaneous 
aortic and pulmonary artery pressures on a FIO» 
of 1, were as follows: aorta, 90/60 mm Hg 
(mean, 73) and pulmonary artery, 77/14 mm Hg 
(mean, 40). 

Subsequently, the patient underwent liga- 
tion of the fifth systemic-pulmonary collateral 
through a small third interspace anterior tho- 
racotomy. 


Comment 

Pulmonary atresia, with ventricular septal 
defect, in which all the blood supply to the 
lungs is derived from systemic-pulmonary col- 
laterals is a difficult surgical problem. The de- 
lineation of the blood supply is often hard to 
do, and multiple catheterizations are usually 
required [2, 5, 10]. Any attempt to categorize 
patients with this problem is also difficult since 
no two patients seem identical [9] and the ter- 
minology for the pulmonary vasculature is as 
variable [19] as the anatomy. One of the early 
classifications for the pulmonary vasculature in 
pulmonary atresia was proposed by Sommer- 
ville [17] but it has become less useful because 
of its numerous exceptions [1, 7, 9, 18, 20]. The 
classification of Pacifico and associates [13] is 
more encompassing, but in the interval since its 
publication, the terminology again has changed 
(7, 18-20]. 

Once the anatomy has been defined, most 
surgical options have been described. If there is 
an adequate pulmonary artery confluence, re- 
construction of the main pulmonary artery to 
this confluence with division of the parallel 
systemic-pulmonary collaterals or previously 
surgically created shunts is indicated [4, 11]. If 
the confluence is considered too small to accept 
all of the right ventricular output, enlargement 
of the confluence with systemic pulmonary 
shunts or with an infundibulectomy is advised 
[4, 6, 9, 16]. Patients in whom no adequate 
pulmonary artery on either side is demon- 
strated and in whom all pulmonary flow is de- 
rived from systemic-pulmonary collaterals are 
usually considered inoperable [9]. Doty and 
co-workers [4] reported on a patient in whom 


the collaterals were excised from the aorta with 
a cuff of aortic tissue and a composite cluster 
was fashioned to accept flow from the right 
ventricle. Kinking of the distal cuffs was con- 
sidered to be the cause of that patient’s death. 
Poirier and associates [14] proposed a theoreti- 
cal operation, similar to ours, in which the 
pulmonary conduit would be inserted into the 
distal end of the isolated aortic segment. In our 
patient, however, this method would not have 
given the conduit a satisfactory lie. 

While initial results in our patient have been 
very gratifying, the long-distance outlook is 
uncertain. She has residual moderate elevation 
in pulmonary vascular resistance, which prob- 
ably will persist. Possibly, earlier repair would 
have avoided this development. 

We consider this patient to have had an un- 
usual surgical problem in that she had a pul- 
monary artery confluence that could have been 
developed with pulmonary-systemic shunting, 
yet the management of the other three pulmo- 
nary collateral vessels would have required li- 
gation or banding. With ligation there is the 
risk of lung infarction, while banding is dif- 
ficult in vessels of this caliber, and their surgi- 
cal future would still have to be determined. 
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Delayed Rupture of the Left Ventricle 
after Mitral Valve Replacement with Bioprosthesis 


. L. Nuñez, M.D., M. Gil-Aguado, M.D., M. Cerron, M.D., and P. Celemin, M.D. 


ABSTRACT Rupture of the posterior ventricular 
wall after mitral valve replacement is a complication 
rarely reported in the literature. Perforation of the 
left ventricle after mitral valve replacement with a 
bioprosthesis has been described in only 3 patients. 
We have had 2 patients with this complication out of 
322 patients who had mitral valve replacement with 
bioprosthesis. These perforations were caused by 
impingement of the posterior strut of the biopros- 
thesis on the posterior left ventricular wall, with 
intramyocardial hematoma and delayed rupture of 
the left ventricle. 


One of the most discouraging complications of 
mitral valve replacement is perforation of the 
left ventricle. In 1967 Roberts and Morrow 
[5] described 2 patients with this complication; 
in 1977 Björk and colleagues [1] collected 26 
such patients reported in the literature. 

We have replaced 322 mitral valves using a 
bioprosthesis, with 3 ventricular perforations. 
Two of them had such a similar clinical picture 
and identical pathology that we believe they 
represent specific complications of this type of 
valve. In the third instance there was a disrup- 
tion of the atrioventricular sulcus, which will 
not be discussed here. 


Material and Method 

During the period April, 1975, to April, 1978, 
we replaced 322 mitral valves using a biopros- 
thesis: 302 Hancock valves and 20 Carpentier- 
Edwards valves. There were 157 single replace- 
ments and 165 combined operations (aortic 
valve replacement, tricuspid annuloplasty, and 
coronary bypass or ascending aorta replace- 
ment with a Dacron tube or both). The re- 
placements were done at the Hospital Clínico 
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de Madrid (April, 1975, to September, 1977) and 
at Ciudad Sanitaria “La Paz,” Madrid (Sep- 
tember, 1977, to April, 1978). 

The surgical technique was as follows: me- 
dian sternotomy, total or partial hemodilution, 
mild hypothermia, and aortic root cardioplegia. 
The mitral valve was always resected without 
cutting the papillary muscles. The mitral valve 
was inserted with either a continuous suture or 
multiple interrupted sutures. Air was evac- 
uated with both a soft vent passed through 
the atrium across the mitral prosthesis, and a 
needle in the aortic root. 


Patient 1 

A 52-year-old woman had severe rheumatic 
mitral valve insufficiency. At mitral valve re- 
placement, a 31-mm Hancock valve was in- 
serted without incident. In the intensive care 
unit, the patient’s condition was satisfactory for 
two hours. Suddenly there was a massive hem- 
orrhage through the pericardial tubes, and the 
patient died before repair could be attempted. 


Patient 2 

A 34-year-old woman had mitral insufficiency, 
severe pulmonary hypertension, and tricuspid 
insufficiency. The mitral valve was replaced 
with a 29-mm Hancock valve, and a tricuspid 
annuloplasty was performed. She had a normal 
postoperative course for two hours, but in the 
next thirty minutes 300 ml of blood drained 
through the pericardial tubes. Back in the 
operating room, the patient lost 4 liters of 
blood suddenly and had a cardiac arrest on the 
operating table. Attempts to close a posterior 
rent in the left ventricle were not successful, and 
the patient died before bypass could be started. 


Pathology 

The pathological findings were identical in 
both patients. There was a perforation in the 
posterior left ventricular wall, 6 mm in diame- 
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Perforation of the left ventricle 2 cm distal to the poste- 
rior atrioventricular sulcus. In front of the posterior 
strut of the bioprosthesis is a large area of friable, 
hemorrhagic myocardium, with the perforation that 
caused the death of the patient. Both papillary muscles 
appear normal. 


ter, located 2 cm distal to the atrioventricular 
sulcus between the anterior and_ posterior 
papillary muscles. The area surrounding the 
perforation showed infiltration with blood and 
was thin and friable. The papillary muscles 
were normal. The area of hematoma was located 
just in front of the posterior strut of the Han- 
cock valve (Figure). 


Comment 
Treasure and co-workers [6] classified ruptures 
of the left ventricle into two types. Type I is 
a disruption of the posterior atrioventricular 
sulcus; most are due to extensive resection of 
calcified valve tissue. Type II is a tear in the 
posterior left ventricular wall near the papillary 
muscle. Perforation by a metallic cannula used 
to drain the left ventricle, extensive excision of 
papillary muscles, and traction of posterior 
adhesions with tearing of the myocardium have 
been considered as causes of this type of rup- 
ture [1, 4]. 

According to Zacharias and colleagues [8], 
there is no relationship between the type of 
prosthesis and left ventricular rupture. In our 


patients the perforations of the myocardium 
were directly related to the posterior strut of the 
bioprosthesis and occurred almost four hours 
after the heart had resumed its function. We. 
believe that the strut perforated the inner layer 
of the endocardium either during valve inser- 
tion or later because the heart did resume 
beating. In either case, a progressive hematoma 
dissected out myocardial fibers until it ruptured 
all the layers of the left ventricle. 

After seeing the extensive area of infiltration 
of the left ventricular wall and its friability, we 
think it clear that simple suture with pledgets 
would not be sufficient to repair this lesion. We 
believe that only a large patch covering the 
whole area could control the rupture. The su- 
tures should be inserted in normal myocardium 
several centimeters away from the rent [8] if the 
complication occurs while the patient is on the 
operating table. No survivors have been re- 
ported following this complication: there is not 
enough time to place the patient on bypass due 
to exsanguination. 

Several maneuvers should be avoided when a 
bioprosthesis is inserted. The heart should not 
be lifted, flexed, or compressed since these 
techniques could lead to penetration of the 
struts into the myocardium, as was discussed 
by Wareham and Bloomer [2, 7]. 

It seems odd that perforation of the left ven- 
tricle has not been reported in the literature 
more often since thousands of bioprostheses 
have been inserted to replace the mitral valve. 
We believe that the low-profile bioprosthesis 
[3], although we have had no experience with 
it, may eliminate the problem of perforation 
since this type of valve has no struts to support 
the porcine aortic commissures. 
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HOW TO DO IT 


Improved Techniques in Using the Swan-Ganz Catheter 


Fernando Gomez, M.D., Paschal Spagna, M.D., and Gerald M. Lemole, M.D. 


ABSTRACT 
changes of position, and passing to the distal pul- 


Techniques of fixation, isolation, 
monary artery of the Swan-Ganz catheter are de- 
scribed. They have been used in 210 patients re- 
quiring long-term hemodynamic monitoring at the 


Deborah Heart and Lung Center. 


Certain key concepts must be borne in mind if 
bedside invasive monitoring is to be used with 
minimal risk to patients [2, 6, 7]. Catheteriza- 
tion poses an initial risk of sepsis because it 
involves the percutaneous introduction of a 
foreign body into the vascular system. Further, 
a period of long-term monitoring automatically 
connects the potentially dangerous outside en- 
vironment with the circulation of the patient 
before, during, and after complicated surgical 
procedures such as open-heart operation [4, 7]. 

The use of a Swan-Ganz catheter requires 
technical skill to secure it in place without 
kinking, dislodgment, or constriction of the 
lumen. This soft pliable polyvinyl chloride 
catheter is constructed in such a way that 
three small lumina exist in its wall and parallel 
the major lumen, which has a calculated mean 
internal diameter of 0.75 mm.* Changes in the 
catheter tip position, either peripheral migra- 
tion or reentry into the right ventricle or main 
pulmonary artery, invalidate hemodynamic 
data collection [7]. Displacement may also occur 
during cardiac operations, especially those on 
the right side of the heart. Since catheter tip 
migration may happen at any time, use of 
the balloon flotation catheter in long-term 
monitoring of surgical patients requires the 
ability to change the catheter position. 
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At the Deborah Heart and Lung Center we 
have developed a technique that isolates the 
catheter from the outside environment, fixes it 
without constriction of the lumen, and permits 
repositioning as often as necessary without 
continuous trauma to the vessel by rigid per- 
manent catheterization [5]. This technique also 
enables us to intermittently irrigate the closed 
system with Prepodyne Solution (poloxamer 
iodine solution). 


Techniques 

Protection of the Catheter 

Throughout the process of catheter insertion, 
the same aseptic precautions are observed as 
during implantation of a prosthesis. We use the 
internal jugular vein and approach it near the 
midportion of the lateral border of the ster- 
nocleidomastoid muscle. This establishes a 
short route into the central venous system and 
affords an area of skin that is elastic, soft, pli- 
able, and well vascularized for the site of pene- 
tration of the catheter [3]. 

First, central venous cannulation 
through a percutaneous approach under local 
anesthesia as described by Behrendt and Aus- 
ten [1] using the No. 14 Intra-Cath needle. A 
guide wire with a flexible tip is inserted into 
the catheter, after which the Intra-Cath needle 
and catheter are removed, leaving the guide 
wire in place. The isolation system (Fig 1) is 
prepared earlier as follows: The vessel dilator is 
inserted through the unidirectional valve end of 
the Cordis 8F percutaneous introducer cannula. 
The disposable protective sleeve of the Intra- 
Cath needle is perforated at its closed end. The 
introducer unit is then placed inside the pro- 
tective sleeve through the perforated edge and 
toward the collar end. 

Second, the protective sleeve and percutane- 
ous introducer unit are threaded over the guide 
wire. At the same time, the plastic sleeve is 
rolled up and the introducer unit is advanced 
through the tissues and into the vessel. Then 
the guide wire is removed. 


is done 
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COLLAR AND PERCUTANEUS 
PROTECTIVE INTRODUCER 
SLEEVE 


Fig 1. In creating the catheter isolation system, the in- 
troducer unit ts placed inside the protective sleeve 
through the perforated edge and toward the collar end. 
The catheter is fixed and isolated in three steps. 


Third, the plastic sheet and the percutaneous 
introducer cannula are held while the vessel 
dilator is removed slowly. The thermodilution 
catheter is passed through the valve-introducer 
cannula until the catheter tip arrives at the de- 
sired location, following the techniques for use 
of a balloon tipped catheter described by Swan 
[8]. 

Fourth, with the catheter held in place, the 
introducer cannula and protective sleeve (rolled 
over the cannula) are removed slowly from the 
vessel and the tissue. 


Fixation of the Catheter 

Two separate U skin intussusception 3-0 Pro- 
lene sutures are applied to the anterior and 
posterior part of the collar (5 mm from the distal 
end) and through the skin around the site of the 
catheter insertion (3 mm from the site of pene- 
tration). The collar is filled with Betadine Oint- 
ment (povidone-iodine), and each suture is tied 
so as to cause invagination of the skin into the 
rigid collar (9 mm in diameter). This isolates the 
outside environment from the area of penetra- 
tion of the catheter and seals the distal end of 
the system, allows visualization of the skin and 
the catheter through the transparent plastic 
sleeve (Fig 2), and permits repositioning with- 
out contamination. 

The distal end of the introducer cannula is 
held outside of the plastic sleeve, and the 
sheath is partially scored with a knife and 
peeled off the catheter, leaving the valve and 1 
cm of tube. This becomes a closed system by 
advancing the valve over the catheter into the 
distal end of the plastic protective sleeve and 
tying the suture (Deknatal black braided silk, 
No. 2) over the plastic sleeve and valve without 
constricting the lumen of the monitoring 
catheter. The ends of the suture are left long and 





Fig 2. (A) The isolation unit is anchored to the skin with 
mattress intussusception sutures 5 mm from the distal 
end of the collar and 3 mm from the area of catheter 
penetration through the skin. (B) With the side port ex- 
tension, the closed area can be irrigated with Prepodyne 
Solution (poloxamer iodine solution). (C) The protective 
sleeve is sealed to the proximal segment of the intro- 
ducer cannula with silk, and the long ends of the suture 
are fastened to the catheter, thereby securing the valve 
to the catheter. 


ANI 
\ 
> 


SYRINGE — g 


Fig 3. With a sterile syringe, Prepodyne Solution 
(poloxamer iodine solution) is introduced into the plastic 
isolation sheath through the side port extension. 


are fastened to the catheter (distal to the valve) 
with two strips of adhesive tape (2.54 x 8.9 
cm), thereby anchoring the isolation system 
and creating an isolated area 16 cm long that 
permits change of position of the catheter. 

CATHETER CARE. The side port extension is 
shortened, and the Luer fitting is then con- 
nected again to the valve. With a sterile syringe, 
6 ml of Prepodyne Solution is injected into the 
plastic isolation sheath through the port. Occlu- 
sion of the Luer fitting with the cap ensures a 
closed isolation system partially filled with Pre- 
podyne Solution (Fig 3). 

BACTERIOLOGICAL STUDIES. No organisms 
were cultured from consecutive specimens 
taken from 20 Swan-Ganz catheters at the time 
of removal from 20 patients. These catheters 
were protected by the isolation technique de- 
scribed. Similar studies from 18 Swan-Ganz 
catheters used before the development of our 
isolation technique and covered by an occlusive 
dressing showed contamination in 9. 


Changing Catheter Tip Position or Catheter 
To correct peripheral migration, the adhesive 
tape distal to the valve is removed, and the 
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Fig 4. To correct malpositioning caused by peripheral 
migration, the catheter is pulled out until the desired 
position is reached. That part of the catheter distal to 
the valve is considered to be contaminated. 





Fig 5. In correcting malpositioning caused by displace- 
ment of the catheter, the catheter may be advanced to 
the desired location without contamination. This tech- 
nique gives 16 cm of sterile maneuverability. 


catheter is pulled out until the desired position 
is reached (the catheter distal to the valve is 
considered contaminated) (Fig 4). The tails of 
the silk tie are fastened to the catheter with new 
tape, again anchoring it in position as de- 
scribed earlier. 

In case of reentry into the right ventricle or 
main pulmonary artery, the catheter is reposi- 
tioned at the desired depth, filling the balloon 
and “pushing in” only the area protected by the 
plastic cover (16 mm), while telescoping the 
plastic sleeve on the catheter. (Perforation of the 
sleeve or rupture of the balloon are indications 
to change the system if further pushing in is 
necessary). The catheter is fixed into position 
by tying the so-called accordion plastic sleeve 
with two strips of adhesive tape over the 
proximal end of the valve (Fig 5). 

Changing the catheter must be done under 
sterile conditions and after surgical preparation 
of the outside of the isolation system. The an- 
choring stitches of the collar are cut and the 
protective sleeve is rolled up while keeping the 
catheter in place. Then the catheter is cut trans- 
versely, and a Cook T.S.F. Teflon-coated guide 
wire (0.025 inch in diameter and 50 cm long) 
with a flexible tip is passed through the bigger 
lumen of the catheter into the vein. The catheter 
is removed through the tissues and into the 
vascular system, leaving only the guide wire in 


place. Using the wire as a guide, the catheter- 
ization procedure is started again, as previously 
described. 

A review of the results of our initial series 
of 121 patients undergoing long-term hemo- 
dynamic monitoring with a Swan-Ganz cath- 
eter before the development of our present 
isolation technique showed that repositioning 
of the catheter was required in 43 patients and 
that changing the catheter was required in 12 
(we believed that advancing the catheter would 
cause introduction of bacteria). In our last series 
of 210 patients undergoing hemodynamic 
monitoring using a Swan-Ganz catheter (ther- 
modilution model 7F) and our isolation tech- 
nique, repositioning was required in 28 pa- 
tients to keep the catheter in the ideal position. 
Changing to a new catheter because of a break- 
down in the isolation system was necessary in 
only 6 patients. 


Failure of Distal 

Pulmonary Artery Catheterization 

Results in our initial series of 121 patients un- 
dergoing long-term hemodynamic monitoring 
with a No. 5 Swan-Ganz catheter showed a fail- 
ure to obtain the distal pulmonary artery (pul- 
monary capillary wedge) pressure in 36 patients 
[5, 8]. In our last series of 210 patients using 
a 7F Swan-Ganz flow-directed thermodilution 
catheter, failure to obtain pulmonary capillary 
wedge pressure occurred in 11 patients. There 
was a direct relationship between increase in 
stiffness of the catheter and successful passage 
into the distal pulmonary artery. 

To increase the natural stiffness of the cathe- 
ter, a Cook flexible tip, Teflon-coated guide 
wire (0.025 inch in diameter and 150 cm long) 
is passed through the Luer fitting of the small 
yellow tube, leaving the distal 25 cm of guide 
wire outside the fitting. 

Failure to pass the tip of the catheter distal 
to the origin of the pulmonary artery is 
hemodynamically characterized by increased 
diastolic pressure, failure to obtain wedge pres- 
sure, and roentgenographic confirmation of the 
localization of the catheter in the outflow tract | 
of the right ventricle. When this occurs with the 
balloon inflated, the catheter guide wire unit 
is slowly and gently advanced 5 to 10 cm. 
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The guide wire is removed and the catheter is 
left in place. The yellow tube is reconnected 
to the transducer. (Hemodynamic changes and 
roentgenographic localization confirm proper 
catheterization of the distal pulmonary artery.) 
This technique has been successful in 9 patients 
with pulmonary hypertension in whom there 
was initial failure to pass the catheter distal 
to the origin of the pulmonary artery. The 
technique has been evaluated by our cardiac 
catheterization department under fluoroscopy 
and has been accepted as safe for catheteriza- 
tion in the presence of pulmonary hyperten- 
sion. 
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An Internal Vessel Occluder for Distal Limb Bypass 


William H. Edwards, M.D., and Joseph L. Mulherin, Jr., M.D. 


ABSTRACT By making a simple modification to a 
coronary artery internal occluder, we are able to 
utilize this instrument in a technique for occlusion 
of tibial or peroneal vessels in distal bypass proce- 
dures. This atraumatic method of vessel occlusion 
has proved to be beneficial. 


In 1977, Mullen and colleagues [1] described the 
use of an internal coronary artery occluder for 
bidirectional occlusion during coronary anas- 
tomosis in coronary artery bypass. The de- 
velopment of such an instrument was brought 
about by the requirement of a dry field for the 
coronary anastomosis while the myocardium 
was being perfused. Unhappy with the avail- 
able instruments such as clamps and snares, 
these workers developed a Silastic T-tube with 
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Fig 1. The Surgitek occluder. 





3 


bulb tips (Surgitek).* The occluders ranged in 
size from 1.5 to 3 mm. They were soft, malle- 
able, and easily inserted and removed. 

Recognizing the applicability of such an 
internal occluder in tibial and peroneal anas- 
tomosis, we modified the occluder for use in 
peripheral vascular operations. The length of 
the internal occluder as developed by Mullen 
and associates measured 17 mm from bulb tip 
to bulb tip. We thought that with added length 
we could utilize the occluder for the distal 
anastomosis in a femorotibial bypass and 
avoid the trauma inherent in clamping or plac- 
ing occluding tapes around small, rigid, scle- 
rotic arteries. 

The Surgitek occluder that we employ mea- 
sures 20 to 40 mm from tip to tip and is avail- 
able in sizes from 1.5 to 3.5 mm (Fig 1). To date, 
we have utilized this occluder in 26 tibial or 
peroneal vessels and are pleased with its ease of 
insertion and removal and its lack of trauma to 
the vessel (Fig 2). All branches of the artery that 
lie within the confines of the bulbs must be 
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Fig 2. The occluder in position. 


occluded with loop ties to prevent bleeding and 
to assure a dry field. Gentle traction on the 
T-limb of the occluder facilitates the perfor- 
mance of the anastomosis without the necessity 
of grasping the arterial wall. There have been 





no complications resulting from the use of this 
internal arterial occluder. 
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Vascular Evaluation for Balloon Pumping 


Cordell H. Bahn, M.D., Kari J. Vitikainen, M.D., Clarence L. Anderson, M.D., 


and Robert B. Whitney, M.D. 


ABSTRACT The effectiveness of intraaortic bal- 
loon counterpulsation is reduced frequently by arte- 
rial insufficiency following balloon insertion and 
occasionally by inability to pass the balloon cen- 
trally from a peripheral site. From a series of patients 
undergoing cardiac catheterization, a subgroup with 
increased likelihood of needing balloon counterpul- 
sation can be selected. Patients so chosen have re- 
ceived one aortoiliac injection of contrast material at 
the time of cardiac catheterization. Impressive de- 
grees of vessel irregularity and stenosis on an 
atherosclerotic basis and of tortuosity of normal 
lumen size have been noted. Such information, 
gathered at little additional risk or irradiation, is 
considered to be important in the subsequent choice 
of sides for transfemoral insertion and may rule out 
attempted passage of the balloon by this route, di- 
recting the surgeon to a deliberate, prompt, transab- 
dominal or thoracic aortic insertion if necessary. 


The inability to insert an intraaortic balloon and 
vascular complications after balloon passage 
decrease the usefulness of a device that 
dramatically relieves cardiogenic shock. These 
difficulties arise from a vessel being too small at 
one or more locations to accommodate both 
balloon and blood flow, tortuous femoral or 
iliac vessels, or atheromatous disease present 
along the course of the balloon Passage. 
Thromboembolism occurring at balloon re- 
moval can be related to these factors. These 
characteristics are demonstrated with contrast 
arteriography, which we have performed at the 
time of cardiac catheterization. This informa- 
tion has been valuable in subsequent decisions 
regarding the site for balloon passage. 


Method 
The contrast studies were limited to potential 
surgical patients and were performed at the 
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completion of cardiac catheterization, thereby 
avoiding the need for an independent arterial 
puncture. In the period between March 14, 
1977, and November 14, 1977, 254 cardiac 
catheterizations were conducted at our facility. 
The 25 patients receiving the aortoiliac contrast 
injection were selected from this group on the 
basis cf anticipated increased risk at operation. 
The eight criteria for selection are as follows: 
multiple coronary artery lesions (three or more 
possible bypass sites); ejection fraction less 
than 0.40; surgical valve and coronary artery 
disease; previous coronary artery operation; 
previous myocardial infarction; hypertension; 
claudication; and weak or unequal femoral ar- 
tery pulses. 

At the completion of cardiac catheterization, 
patients meeting the criteria for study received 
a single injection of 35 to 40 ml of Renografin- 
76 (diatrizoate meglumine and diatrizoate so- 
dium), 20 ml per second, with the catheter tipata 
point 3 to 4 cm above the aortic bifurcation. 
The same cineradiographic camera was used for 
the cardiac and aortoiliac studies. Single injec- 
tions and panning maneuvers were adequate to 
show major details of the aortoiliac bifurcation 
and the common and external iliac arteries 
down to the origins of the common femoral ar- 
teries. The arterial catheter was then with- 
drawn. Electrocardiographic and aortic pres- 
sure monitoring systems were still in use at the 
time of injection, and all patients were consid- 
ered to be in a stable condition when the injec- 
tion was performed. 


Results 

No complications occurred as a result of the in- 
jection of contrast or the slight addition to the 
time of the total angiographic procedure. The 
Table summarizes the arteriographic findings 
in this group of 25 patients. Findings of occlu- 
sion, stenosis, tortuosity, or projecting ath- 
eromas were noted in 11 (44%). The Figure con- 
tains single frames made from the 11 studies 
considered abnormal. These lesions were 
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Patients Receiving Single Aortoiliac Injection at Termination of Cardiac Study 


a 


Patient No., Clinical 
Sex, Catheterization Femoral Angiographic Findings/ 
e Age (yr) Diagnoses Pulses Claudication Balloon Passage” 
L F,.67 Angina; LVEDP 13 mm Hg; 3- Equal No 75% stenosis left external iliac artery 
vessel disease 
2. F, 63 Angina; 95% LAD and 50% RCA R>L Yes (left leg) 60% stenosis left common iliac artery 
stenosis 
3. M, 68 Angina; previous MI; 3-vessel Equal No Normal 
disease 
4. M, 67 Angina; 3 previous MIs; 3-vessel Equal No Normal (balloon inserted right 
disease femoral artery; no sequelae) 
5. M, 55 Angina; previous MI; 3-vessel Equal No Tortuous left common iliac artery 
disease with large plaque 
6. M, 65 Angina; 3-vessel disease Equal No Normal 
7. M, 69 Angina; 95% LMCS; EF 0.42 Equal No Plaque left common iliac artery (bal- 
loon inserted right femoral artery; 
no sequelae) 
8. M, 50 Angina; 3-vessel disease Equal No Normal 
9. M, 56 Angina; 3-vessel disease; mitral Equal No Normal (balloon inserted right side; 
insufficiency no sequelae) 
10. M, 70 Angina; 3-vessel disease Equal No Normal 
11. M, 61 Previous MI; ventricular aneu- Equal No Tortuous left common iliac artery 
rysm 
12. M, 62 Angina; previous CABG (1972) Equal No Tortuous left common and external 
iliac arteries 
13. F, 5 Angina; 3-vessel disease; mitral Equal No Normal 
insufficiency 
14. M, 58 Angina; previous MI Equal No Normal 
15. M, 65 Angina; LMCS Equal No 70-80% stenosis of both iliac arteries 
16. M, 52 Angina; LMCS Equal No Normal 
17. M, 61 Angina; mitral insufficiency Equal No Normal 
18. M, 65 Angina; 3-vessel disease L>R No Normal 
19. F, 65 Angina; 3-vessel disease L>R No Nearly complete left external iliac ar- 
tery occlusion; complete right 
common iliac artery occlusion 
20. M, 64 Angina; 3-vessel disease Equal No Normal 
21. F, 48 Angina; 3-vessel disease Equal No 80% occlusion right and left common 
(weak) iliac artery (balloon inserted 
through ascending aorta; no 
sequelae) 
22. M, 67 Angina; 3-vessel disease Equal No Tortuous left common iliac artery 
23. M, 62 Angina; 3-vessel disease Equal No Normal 
24. F, 62 Angina; previous MI Equal No Normal 
25. M, 64 2 previous MIs; 3-vessel disease; Equal No 50% stenosis right common iliac ar- 


EF 0.17 


tery; severe tortuosity left common 
iliac artery 





“Findings listed as normal had only moderate tortuosity, narrowing, or other vessel abnormality. 


LVEDP = left ventricular end-diastolic pressure; LAD = left anterior descending coronary artery; RCA = right coronary artery; MI = myo- 
cardial infarction; LMCS = left main coronary artery stenosis; EF = ejection fraction; CABG = coronary artery bypass graft. 
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(A) (Patient 2.) Stenosis of the left common iliac artery. 
(B) (Patient 15.) Severe stenosis of both common iliac 
arteries. (C) (Patient 19.) Near complete left external 
iliac artery occlusion and complete right common iliac 
artery occlusion. (D) (Patient 21.) Severe stenosis of the 
right and left common iliac arteries. The balloon was 
inserted through the ascending aorta; there were no 
sequelae. (E) (Patient 22.) Tortuous left common iliac 
artery. 
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judged by the senior author (C. B.) to represent 
a possible obstruction to balloon passage or 
a site for possible vascular injury by the 
semirigid balloon during insertion. Twenty- 
four of the patients studied were selected 
primarily for cardiac reasons. The exception 
was Patient 2 who had left leg claudication and 
unequal femoral pulses. Two other patients 
(Patients 18, 19) who met the cardiac criteria 
also showed irregularity of femoral pulses. One 
of these 3 patients (Patient 18) had so-called 
normal angiographic findings. Principal vas- 
cular abnormalities in the 11 patients consisted 
of occlusion in 2 (Patients 19, 21), stenosis in 3 
(Patients 1, 2, 15), tortuosity in 3 (Patients 11, 
12, 22), stenosis and tortuosity in 1 (Patient 25), 
and projecting plaque in 2 (Patients 5, 7). The 
intraaortic balloon was eventually inserted in 4 
of these patients (Patients 4, 7, 9, 21). Studies 
on Patients 4 and 9 had been interpreted as 
normal, while balloon insertion was directed 
away from obvious lesions in Patients 7 and 21. 
There were no vascular complications from bal- 
loon insertion in these 4 patients, although a 
repeat sternotomy was necessary for balloon 
removal in Patient 21 due to balloon placement 
through the ascending aorta. 


Comment 


Lefemine and colleagues [2] noted a failure of 
femoral or iliac passage of the intraaortic bal- 


Note: Bahn et al: Vascular Evaluation for Balloon Pumping 


loon in 12 of 94 medically and surgically treated 
patients (12.8%). Of the 86 patients successfully 
begun on balloon counterpulsation, serious 
obstruction to circulation of the leg occurred in 
10 (11.6%). In a similar group of 273 patients 
receiving intraaortic balloon counterpulsation, 
Beckman and co-workers [1] reported limb 
ischemia in 16 (5.9%) and confirmed aortic dis- 
section in 7 (2.6%). 

In our experience with counterpulsation, 
both femoral artery sites frequently are ap- 
proached before the semirigid balloon assem- 
bly is passed successfully. Also, the balloon can 
later be found to traverse the worst of two 
iliac-femoral artery systems. Surgeons using 
the femoral artery site for cardiopulmonary 
bypass usually follow a protocol of calibration, 
sounding, and careful cannulation of the cho- 
sen site, and closely watch the progress onto 
full bypass. Aside from avoiding femoral ar- 
teries with poor pulsation or selecting away 
from a limb with claudication, no satisfactory 
screening procedure is available on short notice 
before balloon passage. In this series of pa- 
tients, a single injection through the catheter 
already in place for the cardiac study revealed 
significant arterial abnormality in 11 out of 25 
patients (44%). The abnormalities were of a 
type or degree that would discourage balloon 
passage by one or both femoral routes. 

Balloon counterpulsation is frequently indi- 
cated, of course, before cardiac catheterization. 
At present, we do not advocate aortoiliac ar- 
teriograms on all patients before balloon pas- 
sage, and the severity of the cardiac illness 
often precludes such a study. When done fol- 
lowing cardiac catheterization, however, this 
simple aortoiliac study carries little additional 
risk and assists greatly in the choice of site for 
subsequent balloon insertion if necessary. 
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Coronary Arteriotomy with Cardioplegia 


Marvin M. Kirsh, M.D., and Herbert Sloan, M.D. 


ABSTRACT 
tion of the coronary vessels during cardiac arrest is 


A technique for improved visualiza- 


described. The method involves dissecting the 
epicardial fat from the vessel involved, marking the 
fat for future reference, and applying traction at the 
acute margin of the right ventricle. Cardioplegic so- 
lution can be infused both before and during the 
time of each arteriotomy. 


Ischemic cold potassium-induced cardiac arrest 
during myocardial revascularization provides a 
quiet, flaccid, and bloodless operative field that 
greatly facilitates the performance of a distal 
anastomosis. The profound relaxation also im- 
proves the exposure of the coronary vessels in 
areas such as the far posterolateral wall that may 
at times be difficult to reach. 

With this technique, the coronary arteri- 
otomy is customarily made while the aorta is 
cross-clamped and after infusion of the car- 
dioplegic solution. It is sometimes difficult to 
find the appropriate coronary artery since the 
vessels, surrounded by epicardial fat, do not 
contain blood and are collapsed. The vessels are 
practically impossible to palpate when em- 
bedded in fat. Moreover, the glare produced by 
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the fiberoptic headlight impairs the visualiza- 
tion of the coronary vessels. Here we describe a 
technique we have utilized during the past 
eighteen months that obviates the problems 
just described. 

After institution of cardiopulmonary bypass 
and while systemic cooling is being carried out, 
the coronary arteries that are to be bypassed are 
identified. The surrounding epicardial fat is 
dissected from the vessel involved, and the ad- 
ventitia of the coronary artery is carefully in- 
cised. A marking suture of 6-0 cardiovascular 
silk is placed in the adjacent epicardial fat for 
future reference. Exposure of the left anterior 
descending coronary artery and its branches is 
obtained by placing one or two moist pads 
posteriorly. Exposure of the distal right coro- 
nary artery is obtained by applying traction at 
the acute margin of the right ventricle, with 
traction sutures buttressed with Teflon felt. The 
obtuse marginal branch is exposed by lifting 
the heart up and to the right. Immediately be- 
fore and during the time of each arteriotomy, 
the cardioplegic solution is constantly infused 
at a slow rate, thereby filling the coronary ves- 
sel. After the lumen is entered, the infusion of 
the cardioplegic solution is stopped. 

With this technique the arteriotomy is made 
in the middle of the vessel and not to one side 
or through the back wall, as occurred previ- 
ously. In our opinion, this technique obviates 
the major disadvantages of the use of cardio- 
plegic solutions. 
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CURRENT REVIEW 


Abdominal Aortic Aneurysms: 
Diagnostic Review and New Technique 


Mario N. Gomes, M.D., Dieter Schellinger, M.D., 


and Charles A. Hufnagel, M.D. 


ABSTRACT A new technique of computed tomog- 
raphy (CT) applied to the diagnosis of abdominal 
aortic aneurysms is described, and the experience in 
58 patients is reviewed. In all instances the abdomi- 
nal aorta was clearly demonstrated, even when wall 
calcification was absent. 

A series of 37 patients with abdominal aortic aneu- 
rysm underwent evaluation by physical examina- 
tion, abdominal roentgenograms, and ultrasonic and 
CT scanning. Measurements of the transverse 
diameter at the point of maximal dilatation were 
compared with the measurements made at operation. 
CT not only confirmed the diagnosis in all patients 
but the measurements obtained by this technique 
were the most accurate, correlating extremely well 
with the true dimensions of the aneurysm. The ad- 
dition of contrast enhancement to CT scanning al- 
lowed clear delineation of the aortic lumen and 
intraaneurysmal thrombus, not possible with any 
other method, including ultrasonography. 

This technique appears useful as a screening pro- 
cedure and in the differential diagnosis of a tortuous 
abdominal aorta. Patients with a small aortic dilata- 
tion can be followed accurately by scanning. 


The incidence of abdominal aortic aneurysm 
has been estimated to be between ten and 
twenty persons per thousand [3]. The increase 
in the average age associated with degenerative 
processes is probably the major factor in the 
apparent rise in incidence of these aneurysms. 

The report on the natural history of abdomi- 
nal aortic aneurysms by Estes [6] brought at- 
tention to the high incidence of rupture and 
the low survival rate. The efficacy of operation 
in the prevention of rupture has been demon- 
strated but the indications for operative inter- 
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vention range from resection in all patients 
with abdominal aneurysms [7, 20] to resection 
in only symptomatic patients [29]. Other rec- 
ommendations fall between these two extremes 
[24, 26, 28]. 

Some of the controversy regarding the surgi- 
cal indications may derive from the diagnostic 
methodology; most of the data were published 
in the 1960s when diagnosis was obtained only 
by physical examination or roentgenograms of 
the abdomen. Because other means of assessing 
the size of the aneurysm in untreated patients 
were not available, the validity of some of the 
conclusions regarding the natural history of 
small abdominal aortic aneurysms is subject to 
question. 

A very low mortality rate for elective proce- 
dures in unselected patients, regardless of age, 
can be expected now in institutions with ex- 
pertise in vascular operations. Our reported 
overall operative mortality of 4% in 1965 to 1966 
[9] has been lowered slightly since then and 
compares favorably with figures from other 
centers [2, 23]. For selected patients with small 
aneurysms, the risk seems to be even less, 
ranging from 2.5 to 3% [2, 7, 27]. The operative 
mortality in ruptured aneurysms is still high. A 
study reported in 1977 shows a mortality of 55% 
in a group of 66 patients with rupture [20]. 
Large aneurysms rupture two and one-half to 
three times more frequently than small ones [7, 
27]. Even in small aneurysms the risk of rupture 
is still substantial; it was 16 and 19.5%, respec- 
tively, in the series of Foster [7], Szilagyi [27], 
and their colleagues. 

Accurate evidence of progression in aneu- 
rysm size may be difficult to obtain by the tra- 
ditional means of diagnosis. The positive diag- 
nosis of aneurysm can also be difficult in obese 
patients, in patients in whom there is abdomi- 
nal guarding, and when calcification of the an- 
eurysmal wall is absent or minimal. A tech- 
nique combining simplicity, safety, reliability, 


479 NNN2-4975/790/N5N4A70_1NEN1 96 A 1072 hw Marin N Camac 


480 The Annals of Thoracic Surgery Vol 27 No 5 May 1979 


and accuracy of measurement of size should be 
available to make a definitive diagnosis in all 
prospective patients, particularly in the 
follow-up of patients with small aneurysms for 
which conservative therapy was elected. 


Diagnosis 

Most abdominal aneurysms are asymptomatic 
until the time of rupture or enlargement. Our 
experience [9] has been that, with careful ques- 
tioning, symptoms can be related to nonrup- 
tured aneurysms in only 34% of patients. In 
11% awareness of an abdominal pulsation was 
a complaint. 

Identification and measurement of the pul- 
satile mass can often be done by physical ex- 
amination alone. The success of diagnosis by 
palpation is determined by aneurysm size and 
thickness of the abdominal wall. Detection has 
ranged from 22 to 60% [12]. Higher figures are 
found in surgical series. In ours [9], 90% of the 
aneurysms were readily palpable. When the 
clinical examination is unsatisfactory or when 
the aneurysm is small, the diagnosis of aneu- 
rysm can easily be missed. It is important to 
remember that hyperlordosis of the lumbar 
spine, a tortuous aorta, or a retroperitoneal 
tumor may resemble an aneurysm on physical 
examination. 

Roentgenographic examination of the abdo- 
men with anteroposterior views as well as over- 
exposed lateral or oblique views or both has 
been most helpful. Calcification of the aneu- 
rysm wall is usually necessary for radiological 
diagnosis of abdominal aneurysm. In general, 
the lateral views are more definitive since a 
tortuous aorta of normal caliber may mimic an 
aneurysm in the anteroposterior view. An es- 
timation of aneurysm size can be made when 
calcification is present at the same level in both 
walls of the aneurysm. This occurs in only 55% 
of patients [25]. 

In approximately 20 to 45% of patients [22] 
there are no roentgenographic manifestations. 
Contrast aortography visualizes only the lu- 
men, not the laminated thrombus; this may 
make the assessment of true aneurysm size im- 
possible. Even in large aneurysms, a normal- 
sized lumen may produce a false diagnosis. In- 
direct demonstration can be found when aortic 


calcifications are seen outside the opacified 
area or when there is displacement of the 
neighboring vessels. A certain degree of risk is 
attached to this procedure, depending on the, 
experience of the angiographer. In the series 
reported by Robicsek and co-workers [21], the 
aneurysm was not visualized in 48 of 218 pa- 
tients; an incidence of 8% of false-negative 
aortograms has been reported also [10]. The 
value of aortography derives from the addi- 
tional information it may provide regarding as- 
sociated involvement of the renal, mesenteric, 
and peripheral arteries. 

The place of radionuclide aortography with 
technetium 99m in the diagnosis of aneurysm is 
still not well defined. Like contrast angiog- 
raphy, it reveals the size of the aortic lumen but 
generally not the overall aortic diameter. 

Ultrasonography applied to the abdominal 
aorta has been a useful tool in patients in 
whom calcification is absent. At present, a two- 
dimensional (B scan) ultrasonic picture is pre- 
ferred. Usually, the aorta and adjacent or- 
ganized inner thrombus can be recognized. 
Both sagittal and transverse ultrasonic studies 
are made in order to increase accuracy and 
eliminate possible confusion with other para- 
aortic structures. 

With ultrasonic techniques, diagnostic accu- 
racy rates of 98.8 and 100% have been reported 


_[5, 19]. With conventional B-mode scanning, 


exact measurements of wall thickness are dif- 
ficult to obtain [5]. The use of a gray-scale unit 
that improves definition and allows better dif- 
ferentiation of the echo-reflecting structures 
would probably provide higher accuracy [5, 8]. 
The presence of abdominal gas decreases the 
reliability of results obtained with ultrasonic 
methods, and in acute situations, use of ul- 
trascnography is limited. 

Computed tomography (CT) of the head has 
beer. recognized as one of the most revolution- 
ary diagnostic tools of recent decades. It was 
developed by Hounsfield [13] and then was 
introduced by the EMI Company in 1972. With 
the advent of newer technology, the usefulness 
of CT scanning has been extended to the entire 
body [16], thus exposing almost all organ sys- 
tems to this new and exciting diagnostic 
metnod. Details and technical data have been 
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published elsewhere [13, 14]. Briefly, two basic 
principles constitute the fundamental dif- 
ference between conventional radiography and 
CT. (1) In computer technology the roentgeno- 
graphic film is replaced by multiple detectors, 
which feed absorption data into an attached 
computer. The computer composes an image of 
significantly higher resolution that can be dis- 
played on an oscilloscope screen and photo- 
graphed as a permanent record. Diseased areas 
can be shown to better advantage. (2) Unlike 
conventional radiography in which body 
structures are looked at in an anteroposterior, 
lateral, or oblique geometry, CT scans the body 
in multiple cross-sectional slices 3 to 15 mm 
thick. With 90 to 95% of abdominal aortic aneu- 
rysms arising below the renal arteries and fre- 
quently extending to the aortic bifurcation, it 
seemed natural to extend the CT procedure to 
this field, given the anatomical constancy of 
appearance in a relatively circumscribed area 
(Fig 1). 

At our institution where CT body scanning 
was originally developed [16], the usefulness of 
this new diagnostic method in the evaluation of 
aortic aneurysms has been recognized [1, 11]. 
Our three-year experience is the basis of this 
report, which assesses the value of CT in estab- 
lishing the diagnosis of abdominal aneurysm 
and the accuracy of its measurements compared 
with other established modalities, with the 
diameter as measured at operation as the stan- 
dard. 


Materials and Methods 

Fifty-eight patients are included in this study of 
CT scanning of the abdominal aorta. There 
were 43 men and 15 women ranging in age from 
47 to 85 years. The majority were in the sixth 
and seventh decades. Throughout this experi- 
ence, the CT images were obtained on ACTA 
scanners (the 100 and 200 FS). 

The initial study was directed to establish the 
validity and reliability of CT scanning in a 
group of 8 patients in whom the diagnosis of 
aortic aneurysm already had been definitively 
made by other means. The clinical or radiologi- 
cal findings or both were compared with the 
image obtained by CT scanning and later were 
confirmed at the operating table. 


: Abdominal Aortic Aneurysms 


Once we had established an image of consis- 
tently good quality and diagnostic accuracy, we 
investigated the determination of aortic size in 
a group of 37 patients. These patients were ad- 
mitted to Georgetown University Hospital for 
elective resection of arteriosclerotic abdominal 
aortic aneurysms and were evaluated in a pro- 
spective, blind study, which included physical 
examination, abdominal roentgenograms, ul- 
trasonic determination, CT scanning, and final 
comparison with surgical measurements. The 
transverse diameter of the aneurysm at its 
widest level was estimated independently by 
two experienced vascular surgeons. A radi- 
opaque marker was taped to the skin at that 
level, and anteroposterior and lateral roent- 
genograms of the abdomen were made using a 
higher penetration. Measurements of the vi- 
sualized aneurysm, when sufficient wall calcifi- 
cation was present, were obtained by a differ- 
ent examiner and recorded separately. The 
same protocol was carried out for the ultrasonic 
and CT scanning. In 25 of these patients, ul- 
trasonography was done using a standard B- 
mode unit in longitudinal and transverse plans. 
At operation just before cross-clamping, mea- 
surements of the transverse diameter of the 
aorta were obtained with a caliper and were 
considered to be the true size of the aneurysm. 

The third group of patients studied included 
11 in whom an aortic aneurysm was suspected. 
An average of five CT scans were made at inter- 
vals of 2 to 3 cm, with the xiphoid or the um- 
bilicus as baseline. We now consider the um- 
bilical area as baseline and obtain three scans 
above and one or two below at 2-cm intervals; 
the whole of the infrarenal aorta and the com- 
mon iliac arteries are generally encompassed by 
these settings. 

Direct identification of intraaneurysmal 
thrombus still cannot be made with the newer 
generation of scanners probably because of ra- 
diographic absorption of similar levels of 
thrombus and intraaortic blood. To overcome 
this problem, contrast enhancement also was 
used in 14 of the 58 patients. In this subgroup, 
CT scans were made before and after a drip 
infusion of 25% sodium diatrizoate. Allergic 
reactions to the contrast medium were tested, 
and then about 150 ml was infused rapidly over 
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a five-minute period; then scanning was ini- 
tiated, with a slower drip of another 150 ml 
during the remainder of the procedure. 

Two other patients with the diagnosis of false 
aneurysm of the abdominal aorta, not included 
in this group, were similarly studied. 


Results 

In all 58 patients the abdominal aorta was 
clearly visualized on CT scans, regardless of its 
size and location. Characteristically, it appears 
as a round, fairly homogenous structure (Fig 2) 
of variable diameter and is located anterior to 
the vertebral body and generally to the left. Its 
degree of radiodensity is moderate and similar 
in these scans to that of the kidneys, spleen, or 
liver. Calcification of the aortic wall is made 
strikingly apparent by the sharp increase in 
radiodensity (Fig 3). The degree of calcification 
encountered ranged greatly from none to almost 
circumferential involvement. Lack of calcifica- 
tion does not impair the clear delineation of the 
aorta. Occasionally, erosions of the anterior as- 
pect of the vertebral body are visible. 

In the first group of 8 patients who received a 
clinical diagnosis of aortic aneurysm, scanning 
also was used for diagnosis, and the results 
were confirmed subsequently at operation. 

The maximal transverse diameters of the 
aortas were evaluated and compared by the 
different methods in the group of 37 patients 
with known aneurysms. Surgical measure- 
ments were not obtained for 4 of them, 
and they are excluded from the results. One of 
these 4 patients refused operation, and the 
other 3 were such poor surgical candidates that 
operation was not performed. Analysis of the 
data (Figs 4, 5) in the remaining 33 patients 
shows that not only did CT scanning demon- 
strate the aneurysm in all instances but also that 
the estimated measurements of size correlated 
extremely well with the true diameter obtained 
at the time of operation. In all patients the mea- 
surements were either identical or within a 5% 
variation. The CT values were far more accurate 





Fig 1. Multiple computed tomography scans of the ab- 
dominal aorta showing the size variations of the aneu- 
rysm encountered at different levels. The accompanying 
aortogram indicates the corresponding position of 

the cuts. 





Fig 2. Typical computed tomography scan of a noncal- 
cified aneurysm (A) of the abdominal aorta taken at the 
level of the umbilicus. The vena cava (v) also is well vi- 
sualized posterior to and to the right of the dilatated 
aorta. 





Fig 3. Smaller abdominal aneurysm with partial calcifi- 
cation of the anterior and posterior walls, as seen in a 
standard computed tomography scan. 
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Fig 4. Comparative measurements of the maximal 
transverse diameter of abdominal aortic aneurysms in 12 
patients by computed tomography (CT) scanning and at 
operation. The interrupted line indicates a 5% variation 
from the exact diameter and the continuous line, a 10% 
variation. 
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Fig 5. Comparison of the maximal transverse diameter 
of the abdominal aortic aneurysm in a group of 21 pa- 
tients. Measurements were obtained by ultrasonography 
and computed tomography scanning, and the true 
diameter was measured at operation. 


than those obtained by ultrasonic examination 
in 21 of these patients. 

As we had anticipated, there was a discrep- 
ancy between the clinical estimates and the true 
diameter despite the large experience of the ob- 
servers. The discrepancy was greater in heavier 
patients. In 1 patient, the estimated size nearly 
doubled the actual size of the aorta; at opera- 
tion, a group of lymph nodes anterior to a small 
abdominal aneurysm was found. In 2 extremely 
heavy and tense patients, the large aneurysms 
(7.5 cm and 8.2 cm) could not be felt. In only 4 
patients were identical figures obtained; in the 
great majority (24 patients) the aneurysm size 
was overestimated in the physical examination. 

Review of the conventional abdominal 
radiography demonstrated varying degrees of 
aortic calcification ranging from none (4 pa- 
tients) to very heavy (5 patients). When calcifi- 
cation was heavy, not only the aneurysm wall 
but also the adjacent aorta and iliac arteries 
were involved. Sufficient calcification was pres- 
ent in 23 of the 33 studied patients (70%) to 
allow the diagnosis of aneurysm. In only 12 of 
those patients could measurements of the 
transverse diameter be reliably obtained; in the 
other 11 patients, the typical curvilinear calcifi- 
cation was present in only one wall. The lateral 
roentgenograms of the lumbar spine were con- 
sistently more helpful for the diagnosis because 
they showed the characteristic wall calcifica- 
tion, ordinarily in the anterior wall. In the 12 
patients the transverse diameter was overesti- 
mated in 7 and identical to the true dimensions 
in only 1. Radiographic diagnosis of abdominal 
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aneurysm was not made in 4 patients and was 
suggestive but not definitive in 6 others. 

B-mode ultrasonograms of the abdominal 
aorta were made in 25 of the 37 patients in this 
group. Because 4 of these patients had no surgi- 
cal confirmation of the diagnosis, only 21 are 
considered. This technique successfully iden- 
tified the aneurysm in all 21, but it did not pro- 
vide accurate measurements of its size. We 
found almost consistent underestimation of the 
true diameter, by as much as 20% in 5 of the 21 
patients. In only 4 patients were the figures 
within a 5% variation (Fig 6). 

No specific attempts were made to visualize 
the upper branches of the abdominal aorta by 
CT scanning. Occasionally, superior mesen- 
teric, splenic, and renal arteries were demon- 
strated. Now we routinely obtain lower cuts 
(—6 cm) that include the pelvis and usually the 
iliac arteries (Fig 7). Even when not calcified they 
are easily apparent. Associated aneurysms of 
the iliac arteries were seen by CT scanning in 5 
of our patients, and all were confirmed sub- 
sequently at operation. We can anticipate the 
value of this method in establishing suprarenal 
or thoracoabdominal involvement of the aorta. 

Contrast enhancement was used in the final 
14 patients seen in this group and adequate 
definition of the aortic lumen and mural 
thrombus was obtained in all of them. The cir- 
culating contrast medium fills the vessel lumen 
and is seen in the scan as an area of higher 
radiodensity than the peripheral area of the or- 
ganized clot (Fig 8). Different degrees of wall 
thickness, circumferentially or unilaterally lo- 
cated, are evidenced easily in this fashion, vary- 
ing from patient to patient or with the level of 
the CT scan within the aneurysmal sac (Fig 9). 
Surgical confirmation of the findings was ob- 
tained by sectioning transversally the resected 
specimens. Intraluminal thrombus was also 
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Fig 6. Comparison of maximal aneurysm size estimated 
by physical examination with size obtained in roent- 
genograms of the abdomen in relation to the transverse 
diameter obtained directly at the time of resection. 





Fig 7. Normal-sized common iliac arteries (arrows) 
with some degree of wall calcification as seen in a 
computed tomography scan made 3 cm below the um- 
bilical area. 





Fig 8. Contrast enhancement added to a computed scan 
of an aortic aneurysm. A large thrombus (T), almost 
circumferential but markedly heavier in the anterior an- 
eurysmal wall, is clearly demonstrated. Findings were 
confirmed at resection. (L = lumen.) 
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Fig 9. Computed tomography scans taken at different 
levels with contrast enhancement show well the unequal 
distribution and thickness of the intraaneurysmal 
thrombus and corresponding variations in the aortic 
lumen. 
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Fig 10. An abdominal aorta with a transverse diameter 
of 3 cm, as measured electronically by computed tomog- 
raphy scan. Aortic wall calcification seen in a plain ab- 
dominal roentgenogram and well demonstrated here 
raised the possibility of the presence of an aneurysm. 


identified in 5 of these patients by ultrasonog- 
raphy; in one instance of a large saccular aneu- 
rysm (7.6 cm), the ultrasonograms were consid- 
ered negative for a thrombus that was seen in 
an enhanced CT scan and in the surgical speci- 
men. Contrast was not used in the CT scanning 
of 2 other patients because of known allergy to 
iodine. In both, intraluminal clot was identified 
by ultrasonography. 

In the last group of patients the presumptive 
diagnosis of abdominal aneurysm was raised 
because of clinical symptoms and suspicious 
physical and radiological findings. Of the 11 
patients studied, CT scanning showed a normal 
aorta in 7 (Fig 10) and in 2, a tortuous, elon- 
gated aorta deviated to the right. In 3 of these 9 
patients, ultrasonograms also were obtained 
and were found to be normal. The 2 remaining 
patients were seen initially with unexplained 
back pain of short duration and were both 
obese, hypertensive, and in the sixth decade of 
life. Palpation of the abdomen was unrevealing, 
and abdominal roentgenograms showed no 
aortic calcification. In both an aortic aneurysm 
was seen in the CT scan and confirmed at oper- 
ation. 


Comment 

In an evaluation of the presently available 
methodology for the diagnosis of abdominal 
aortic aneurysms, it becomes clear that in cer- 
tain cases the diagnosis may not be made when 


the aneurysm is present, or it may be erroneous 
due to extraneous circumstances, such as a tor- 
tuous aorta, or retroperitoneal masses. Accurate 
evaluation of aneurysm size is a very important 
factor, especially for those patients for whom 
the decision concerning elective surgical inter- 
venticn depends on the diameter of the aneu- 
rysm. It can be even more valuable in the 
follow-up of patients with small aneurysms for 
which conservative therapy is elected. 

With the present generation of CT scanners, 
the abdominal aorta and its size can be demon- 
strated in all instances. This fact alone estab- 
lishes its merits for the detection, differential 
diagnosis, and follow-up of aortic aneurysms. 

Scanners of the rotary type are now available. 
They reduce the exposure time to 20 and even 
4.8 seconds [17] and the radiation dose to the 
skin from 2 to as low as 0.1 rads [30]. 

Although in a great many patients physical 
examination alone may suffice for a diagnosis 
of abdominal aneurysm, evaluation of its size 
by this method is less reliable and makes the 
metnod inexact in the follow-up of aneurysm 
size. In about 75% of our patients thus evalu- 
ated, we overestimated the transverse diame- 
ter. 

Wall calcification is a prerequisite for the 
diagnosis of abdominal aneurysm when using 
abdominal roentgenograms. No calcification 
was seen in 30% of our studied patients re- 
gardless of aneurysm size. Assessment of size 
by measuring the transverse diameter was dis- 
appointing. Other researchers [5] found this 
technique relatively accurate, but they mea- 
sured the anteroposterior diameter of the aneu- 
rysm from the calcified anterior wall to the cal- 
cified posterior wall or, if not visible, to the 
presumed location of the anterior spinal liga- 
ment. The possible overlay of the spine and an- 
eurysm wall in the frontal projection is prob- 
ably the main reason for our lower diagnostic 
and accuracy yield. It was chosen because of 
the difficulty in assessing the anteroposterior 
diameter of the aorta by physical examination. 

Aortography was not used in this study as a 
method of routine evaluation of abdominal an- 
eurysms. 

Of particular interest was the comparison of 
CT scanning with ultrasonography. In all pa- 
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tients, the diagnosis of aneurysm was made by 
both techniques. However, the applicability of 
ultrasonography in the follow-up of small aneu- 
rysms, with the standard mode, seems less ac- 
curate based on our findings. Its reliability is 
related to the experience of the observer since 
standardization of the technique is more dif- 
ficult. Like other authors [5, 8, 18], we found 
underestimation of the reported diameters 
compared with the ones obtained at operation. 
The problem arises from the acoustical diffi- 
culty in separating aortic wall echoes from those 
of adjacent tissues [18]. Brewster and co- 
workers [5] believe that the measurements re- 
flect the diameter of the aneurysmal lumen and 
do not include the wall thickness. The discrep- 
ancy seems to be directly proportional to the 
thickness of the aneurysmal clot. We found the 
highest accuracy in aneurysms with minimal or 
absent thrombus and thin aortic wall. In- 
traluminal clot was identified frequently but 
not in all of the patients in whom it was present 
at operation; even when reported it was not 
necessarily in the same anatomical location 
within the aneurysmal sac. 

The accuracy of CT scanning in the determi- 
nation of exact aneurysm size was demon- 
strated in our study. The capability to obtain a 
sharp image of the aorta, with excellent contrast 
from the surrounding tissues, combined with 
the incorporation in our present scanner of a 
programmed mechanism that automatically 
computes the desired diameter will almost cer- 
tainly provide a high degree of accuracy in 
measurements. In 1977, it was demonstrated 
that the aorta is one of the few structures whose 
CT image can be directly measured with accu- 
rate results [15]. 

Longitudinal ultrasonography for the evalu- 
ation of aneurysm length is an asset compared 
with CT scanning although this capability 
probably will be incorporated in the next gen- 
eration of scanners. An advantage of CT scan- 
ning over ultrasonography is that sources of ar- 
tifact giving rise to acoustical interference can 
be overcome. 

The introduction of contrast enhancement to 
CT scanning adds a new dimension: the recog- 
nition of lumen and mural thrombus. This ad- 
dition may be even more valuable when 
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Fig 11. Abdominal computed tomography scan showing 
not only an aortic aneurysm (A) but also large, bilat- 
eral, polycystic kidneys (K). 


applied to the diagnosis of dissecting aortic an- 
eurysms when true and false lumens must be 
identified. We have been able to do this re- 
cently. The preoperative identification of in- 
traluminal thrombus, accomplished in the 14 
studied patients, can be helpful in the preven- 
tion of distal embolization during aneu- 
rysmectomy. Visualization of the iliac arteries 
by CT scanning is also helpful since it identifies 
before operation the degree of dilatation of 
these vessels in the aneurysmal process. 

Accessory information regarding other or- 
gans such as the liver, spleen, pancreas, or kid- 
neys can be obtained also by CT scanning. For 
example, polycystic kidneys (Fig 11) were dem- 
onstrated during a recent study of a patient 
with an abdominal aortic aneurysm. 

CT scanning is more accurate than clinical ex- 
amination, roentgenography, or aortography in 
the diagnosis of abdominal aortic aneurysm. 
Like ultrasonography, it is a very good screen- 
ing method when the diagnosis is questionable 
and is good for differentiating a tortuous aorta 
from an aortic aneurysm or evaluating paraaor- 
tic masses that may simulate aneurysms. Accu- 
racy in the evaluation of aortic size with CT 
scanning appears to be higher, which makes it 
a better procedure in the follow-up of small an- 
eurysms. Being noninvasive it can be used eas- 
ily and rapidly in all patients and in emergency 
situations in which ultrasonography may not 
be possible. 

A limited view of the aorta is obtained with a 
single scan. Four to five scans are necessary to 
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estimate aneurysm length. It is likely that lon- 
gitudinal scans will be available soon. There al- 
ready is reduction in both the exposure time 
and the radiation dose to the skin. Better reso- 
lution may occur in the future; perhaps this 
would make the use of contrast enhancement 
unnecessary. Such modifications probably will 
reduce the cost of the examination and further 
widen the applications of CT scanning. 
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REVIEW OF RECENT BOOKS 


d’Abreu’s Practice of Cardiothoracic Surgery 

(4th ed) 

Edited by J. Leigh Collis, M.D., 

D. B. Clarke, M.B., Ch.B., and R. Abbey Smith, Ch.M. 
Baltimore, Williams & Wilkins Co, 1976 

710 pp, illustrated, $77.00 


Reviewed by Peter V. Moulder, M.D. 


This fourth edition is a fair textbook at the student 
and fellowship level, and is a reasonable source for 
succinct data-sets. It is a personal and attractive de- 
scription of the systems and surgical techniques of a 
major thoracic unit in Britain. 

The presentations on anatomy and physiology in 
the preliminary section are of limited value, whereas 
the discussion on care of the general thoracic patient 
is quite good, especially the section on British tech- 
niques for handling secretions. The discussion of in- 
fections, which should be strong, is somewhat weak; 
with respect to empyema, this is surprising. The cur- 
sory treatment of emphysema and spontaneous 
pneumothorax has limited usefulness. With respect 
to cancer, this unit is typical of British units. The rate 
of resection is 97% because of the patient selection 
techniques and the number of resections for pallia- 
tion. These palliative resections are described as not 
only being useful but also allowing some long-term 
rates of survival. A 3 to 7% mortality and a 34% 
two-year survival are quoted, with an interesting 
change in mean age during the last two decades from 
54 to 64 years old. The descriptions of specific pul- 
monary resections are a delight to read, and even 
more so that of thoracoplasty, which ends with the 
comment that this operative note is included for his- 
torical reasons only (the successful extraperiosteal 
techniques are not mentioned). There is a little 
British nonsense in discussing lung transplant as it is 
obviously a socioeconomic comment, but the presen- 
tation of mediastinal lesions is one of the highlights 
of the book. 

The cardiac section offers a neat overview of the 
techniques for cardiopulmonary bypass employed in 
this thoracic unit. It also contains a manual of pre- 
operative and postoperative care that is not very use- 
ful. Until recently, water manometers were used for 
pressure measurements in this unit. Now pressure 
transducers are employed, and there is the possibility 
of using implanted electromagnetic probes for blood 
flow. Present mortality “through the ICU” is 3%. Cen- 
tral venous pressure is the primary measure of filling 
pressure, and chest tubes are never irrigated ‘‘for fear 
of infections.” A stunning British descriptor for a 
nonsoluble problem, in this case a measurement not 
amenable to present techniques, is that ‘‘appropriate 
blood volume is that which fills the vascular bed.” 
Increased pulmonary vascular resistance is feared 
and is a prime point in case selection. For each car- 


diac disorder there is a short but quite good descrip- 
tion of its natural history with one or two good his- 
torical references for each. Often the exact technique 
is not clear; for example, in the discussion of the 
handling of endocardial cushion defects, there is a 
nice description of available technique and of that 
used in this unit in particular—closure of the ven- 
tricular septal defect followed by separate patching of 
the atrial septal defect. Then, reads the text, “a case 
may be made for palliation by pulmonary artery 
banding, deferring definitive surgery until the pa- 
tient is older and the heart is larger.” On the other 
hand, when uncomplicated ventricular septal defects 
are discussed, it appears that pulmonary artery band- 
ing is abandoned because the authors describe a 12% 
mortality at the time of banding and a higher mor- 
tality with the second operation. 

Virtually all quotations of disease description and 
surgical results are from the period 1964 through 
1968. In the description of mitral stenosis, the closed 
operation is considered the primary choice for the 
“first” operation. It is noted, for example, that in 200 
patients a 1.5% mortality occurred; however, a 5% 
hemiplegia complication is listed. As the problems of 
restenosis and presence of calcification are reviewed, 
one has the impression that more open mitral val- 
votomies and valve replacements are being done. 
Discussions of mitral regurgitation and aortic valve 
disease are thoughtful, and it is clear that only pa- 
tients with a reasonable surgical risk are treated. 
There is a very nice chapter on prosthetic valves from 
a British viewpoint, with notes on the continued suc- 
cess of homograft valves and the feeling that it is too 
early to discuss heterograft valves. One of the more 
interesting sections is that on coronary artery dis- 
ease. In this field, it is clear that this particular 
thoracic unit is finding its way and being econom- 
ically cautious and decisionally skeptical. A picture 
of a proximal right coronary artery anastomosis sug- 
gests that the unit is early in the “trade.” There is 
a respectful description of the Shumway approach to 
cardiac transplantation. The long section on the 
esophagus is good, covering diseases and abnor- 
malities, endoscopy, resectional procedures, and 
palliative techniques. 

Throughout this volume when little personal in- 
formation was available on a subject, for example, 
cardiac wounds, the authors went elsewhere to com- 
plete the text. Overall, this is a nice library book. It is 
good for reference at the postgraduate level, and 
therefore should be in a divisional library. But I think 
it is not a necessary addition to a thoracic surgeon's 
personal library. 


Gainesville, FL 
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Exercise in Cardiovascular Health and Disease 
Edited by Ezra A. Amsterdam, Jack H. Wilmore, 
and Anthony N. DeMaria 

New York, Yorke Medical Books, 1977 

384 pp, illustrated, $33.00 


Reviewed by George C. Sutton, M.D. 


The editors have assembled 26 complementary arti- 
cles by 37 authors into a crisp, direct monograph. 
The contributors are practical and experienced in 
their subject and write succinctly. They present fairly 
both sides of any question, and also indicate the un- 
known factors. Most of the articles are exceptionally 
well referenced, and most illustrations are clear and 
show pertinent data. Professionals working in this 
field will find the publication current and provoca- 
tive; it deserves widespread reading by the practic- 
ing physician, internist, and cardiologist. 

The book is particularly relevant at this time when 
exercise is being employed in the diagnosis, func- 
tional evaluation, and treatment of cardiac disease. 
There are five parts. (1) “Coronary Heart Disease: An 
Introduction” is an analysis of high-risk factors in 
coronary artery disease. Among these factors is lack 
of physical activity. The pathophysiology of clinical 
coronary artery disease is reviewed with regards to 
inadequate oxygen delivery to the myocardium, the 
possible protective effect of collateral circulation, and 
an epidemiological study of longshoremen and the 
beneficial association of rigorous work on the fatality 
rate of heart attacks in that group. (2) In “Physiologic 
Aspects of Exercise,” endurance training facilitation 
of the delivery of oxygen to active muscles, the adap- 
tion of skeletal and cardiac muscle in man and ex- 
perimental animals to the pattern of use or physical 
conditioning, and the effect of exercise on the hemo- 
static mechanism are reviewed. In patients with an- 
gina it was shown that endurance training increases 
their exercise threshold. (3) “Coronary Heart Disease 
Diagnosis: Methodological and Interpretive Aspects” 
is a well-written and well-illustrated section covering 
methods of exercising patients and resultant electro- 
cardiographic changes in contour, rhythm and con- 
duction, oxygen consumption, and thallium 201 scin- 
tigraphy. (4) “Preventive Aspects of Coronary Heart 
Disease” explains how to write a rational exercise 
program and contains physical fitness programs for 
adults and children. The modification of coronary 
risk factors and of stress emotions by long-term exer- 
cise is considered significant. (5) “Exercise in Coro- 
nary Heart Disease Prevention” is an extension of 
part 4 and closes with a formalized summary of the 
principles of “Cardiac Rehabilitation,” current and 
future. 

The book has only minor disadvantages of multi- 
ple authors. There is little overlap in material. The 
editors have produced a clear, sequential analysis of 
their proposition that exercise can make a major con- 


tribution to the health of all persons whether they are 
well or ill. This volume will be of value to students, 
paramedical personnel involved in exercise pro- 
grams, and all physicians and surgeons dealing with 
cardiac patients. It brings a logical approach to an 
amorphous and changing field—the role of exercise 
in card:ovascular health. 


Chicagc, IL 


The Adult Post-Operative Chest 

Edited ty Myron Melamed, M.D., F. A. Hipona, M.D., 
Carlos Reynes, M.D., Walter Barker, M.D., 

and Santiago Paredes, M.D. 

Springfield, IL, Charles C Thomas, 1977 

578 pages, illustrated, $31.50 


Reviewed by Zwi Steiger, M.D. 


The chest roentgenogram is an essential part of the 
postoperative monitoring of the thoracic surgical pa- 
tient. On its immediate interpretation rests the man- 
agement of many patients. Clues as to the effective- 
ness of the operation, the presence of complications, 
and the need for reoperation or bronchoscopy, or for 
reinsertion or repositioning of a chest tube are ob- 
tained from a single roentgenogram. To interpret cor- 
rectly a postoperative chest roentgenogram, it is im- 
portant to integrate clinical aspects of the disease 
with the roentgenographic findings. 

This book gives an authoritative account of all this 
material. It begins with a description of general sur- 
gical considerations and continues to encompass the 
entire field of thoracic surgery, its subspecialties, op- 
erations, complications, and postoperative care. 
There is a vast collection of instructive chest roent- 
genograms. The accompanying text provides a brief 
Overview and background of the subject and dis- 
cusses in detail postoperative roentgenographic 
changes. The field is extremely broad, as is the con- 
tent of this book. The authors succeed in covering 
it in a comprehensive manner. Although some of the 
roentgenograms have but historical value, they do not 
detract from the book. Rather they help demonstrate 
the development of the field of thoracic surgery. 

The book is useful as a reference and guide in in- 
terpreting roentgenograms, and it will serve the resi- 
dent preparing for the boards in radiology or thoracic 
surgery. The reproductions are almost uniformly 
good. There are occasional repetitive roentgeno- 
grams, and the bibliographies for surgery and 
pathophysiology are limited. Also, the percentage 
given of tuberculosis patients who warrant surgical 
consideration is too high by present standards. The 
senior author’s name in Hebrew means “teacher.” 
Judging from this book, he indeed is one. 


Allen Park, MI 


SIXTEENTH ANNUAL MEETING OF 
THE SOCIETY OF THORACIC SURGEONS 


Atlanta, GA 
January 21-23, 1980 


The Sixteenth Annual Meeting of the Society of 
Thoracic Surgeons will be held at the Atlanta Hilton 
Hotel, Atlanta, GA, Jaunuary 21-23, 1980. 


Application for Membership 
(Deadline: September 1, 1979) 
Requests for application forms for membership in 
The Society of Thoracic Surgeons should be ad- 
dressed to Quentin R. Stiles, M.D., Chairman, 
Membership Committee, The Society of Thoracic 
Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 
The completed application forms and supporting 
letters must be in the hands of the Membership 
Committee by September 1, 1979, for the applicant 
to be considered for election at the Atlanta meeting 
next January. 


Call for Abstracts—1980 Meeting 

(Deadline: August 31, 1979) 

Abstracts for papers to be presented at the 1980 an- 
nual meeting are now being accepted. The deadline 
for receipt of abstracts is August 31, 1979. An original 
and 9 copies should be submitted, using the official 
Society abstract form (on verso of this page), to L. 
Penfield Faber, M.D., Chairman, Program Commit- 
tee (Abstracts), The Society of Thoracic Surgeons, 111 
E Wacker Dr, Chicago, IL 60601. Additional forms 
are available upon request from the Society. 
Abstracts must summarize an original contribution 
not presented or submitted elsewhere. Abstracts re- 
ceived after the deadline will not be considered. It is 
requested that the covering letter indicate the author 
who is to receive notice of acceptance or rejection and 
the author who will present the paper. 

The Program Committee reserves the right to select 
papers for either regular or forum-type presentation; 
the author may also designate his preference for pre- 
sentation in the forum. Essayists are reminded that 
according to the by-laws of the Society, all papers 
accepted for presentation: (1) must be submitted in 
duplicate to the Secretary at the time of presentation 
or to the Editor of The Annals of Thoracic Surgery prior 
to presentation; and (2) become the property of the 
Society if they are accepted for publication, in which 
case they may not be published other than in The 
Annals of Thoracic Surgery. 

It is well recognized that abstracts frequently belie 
their content by virtue of poor organization, and as a 
result valuable contributions to the Scientific Ses- 
sions may be unrecognized. It is important that 
methods and results be clearly defined in the 
abstract; therefore, general statements such as “re- 
sults will be presented” are not acceptable. When a 
procedure or method is stated to have “advantages,” 
those advantages should be defined. Abstracts which 
simply summarize results without defining objec- 
tives and methods are equally undesirable. 

Speakers for accepted papers are limited to 10 


minutes except for forum presentations, which are 
restricted to 5 minutes. 


Instructions for Abstracts 

The official abstract form printed on verso of this 
page and available from the Society, or photocopies 
thereof, must be used. Authors must categorize the 
principal subject of their abstract using the code at 
the side of the form, and insert the proper code in the 
box provided in the upper left corner of the form. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit ti- 
tles, degrees, and appointments. 

3. Abstracts must be typed double-spaced. 

4. When percentages are used, the absolute numbers 
of derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study 
being presented, with reference to the current 
state of research in the field. 

b. The methods of study or experimental ap- 
proach, clearly but briefly defined. 

c. Asummary of the results and/or conclusions of 
the study, including sufficient details to sup- 
port those conclusions. 

d. A statement concerning the significance of the 
work and its possible implications for future 
research; ‘‘results will be presented” is unac- 
ceptable. 


In discussion of papers, the Society encourages a 
healthy spirit of constructive critical review and re- 
buttal by comments pertinent to the content of the 
paper being presented. Presentation of discussion in 
the form of “secondary papers” will not be wel- 
comed. 


Call for Surgical Films 

(Deadline: August 31, 1979) 

The popular surgical movie program will again be 
presented at the Atlanta meeting. The Program 
Committee hereby solicits the submission of surgical 
films, which may portray a surgical procedure or 
simply a technical maneuver that the surgeon thinks 
will be of interest to the Society. The film may not 
exceed 10 minutes in length. Sound movies are ac- 
ceptable but not necessary, and live narration by the 
principal surgeon is a requirement for participation 
in the movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for submission 
of films is August 31, 1979. Films also should be sent 
to L. Penfield Faber, M.D., Chairman, Program 
Committee, at the Society office, 111 E Wacker Dr, 
Chicago, IL 60601. 


W. Gerald Rainer, M.D. 
Secretary 
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Several years ago, we introduced the Datascope 
ystem 80 Intra-Aortic Balloon Pump. Since that 
ne it has proven itself to be the most reliable system 

the world. 

We just improved on it. With the new Datascope 
ystem 82. 

The System 82 is dramatically simpler to 
iderstand and to operate. Setting two prominent 
ide controls is essentially all that is needed for 
‘oper adjustment. 

To test its simplicity, we gave it to nurses who had 
>ver seen it before. With no instruction whatsoever, 
ey were able to understand and adjust each control. 

The System 82 is 50% quieter than its predecessor. 

It utilizes a revolutionary Electrosurgical 
terference Suppression Module, ESIS. In most 
ses, this device virtually eliminates RF 
terference due to electrocautery. Which means a 
ore reliable triggering signal. 

We’ ve also improved the monitor itself. We made 
non-fade. Which gives it a clearer, more effective 
splay. So you not only get a better display of patient 
ata, but also of system control signals. 

But we didn’t change everything. We’ ve kept 
any of the things that made our System 80 so 
ccessful. 

We haven’t changed the unique Datascope 


*U.S. Patent Number 3,692,018 


DEFLATION ag 
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BALLOON VOLUME 


STANDBY 


Dual-Chamber Balloon. * In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 


**U.S. Patent Number 4,080,958 
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We uncrate it for you, 
install it and see that 
it's operating correctly. 


It takes special training even to un- 
crate the Roche AVCO Intra-Aortic 
Balloon Pump correctly. That’s why 
we insist on doing it for you! After 
uncrating, after installation, after 
checkout...your warranty begins. 
Most other companies leave you 
on your own. 





The Roche AVCO IABP has 
a warranty for a full year. 


In addition, service is available for as 
long as you use it. Specially trained 
field service technicians are avail- 
able 24 hours a day, 7 days a week. 



























We train your personnel 
in its use, now and 
in the future. 


Our cardiovascular training special- 
ists come to your hospital at a desig- 
nated date at no charge to you and 
instruct your personnel in a formal 
training program: You support your 
patients better, because we support 
you better. Furthermore, within six 
months we will send our cardiovas- 
cular training specialist to participate 
in your first use of the Roche AVCO 
IABP, or conduct a refresher course 
for trained personnel or train new 
personnel in your hospital. Additional 
training courses are available in all 
parts of the country, and special 
sessions can be scheduled as you 
feel necessary for as long as you own 
the equipment. No other company 
we know of works so hard to help 
you help your patients. 
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ha aa Cracne > Roche Medical Electronics Inc. 
Cranbury, NewJersey 08512 
Gentlemen, O Please have a representative call to set up an ap- o\ J 


pointment to demonstrate the Roche AVCO IABP 
O Please send additional literature 
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CLASSIFIED ADS 


As of May 1, 1979, The Annals of Thoracic Surgery will charge 
for classified advertising at the rate of $25.00 per 50 words 
per issue. Prepayment is required. 

Advertisements must relate only to situations in the 
thoracic and cardiovascular surgical specialties. All ads are 
subject to the approval of the Editor, and material deemed 
inappropriate for publication in The Annals will be rejected. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned. All re- 
sponses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues ad is to run), payable to The 
Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 


Cardiothoracic surgeon, 37, completing additional fellow- 
ship in cardiovascular surgery research, ABS and ABTS 
eligible, seeks association with group or partnership. 


Please respond to W-126, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 36, seeks position 
with group or association leading to partnership. ABS and 
ABTS certified; extensive training and experience in all as- 
pects of cardiac, thoracic, and vascular surgery, IABP, and 
postoperative hemodynamic monitoring. All geographic lo- 
cations considered. 


Please respond to W-139, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 34, university trained, ABS, ABTS 
eligible, completing additional year in June, 1979, seeks as- 
sociation with group or surgeon. Extensive training in all 
aspects of adult and pediatric cardiothoracic and periph- 
eral vascular surgery. All locations considered. 


Please respond to W-167, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgical resident, 32, ABS certified, com- 
pleting training in June, 1979, desires group academic po- 
sition combining clinical and research duties. Well trained 
in coronary artery surgery. Locale flexible; good references. 


Please respond to W-168, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, ABS certified, com- 
pleting residency in thoracic and cardiovascular surgery in 
June, 1979, desires association or partnership with active 
cardiothoracic group or academic appointment. 


Please respond to W-169, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


A-54 


Se ee 
Thoracic and cardiovascular surgeon, 33, with comprehen- 
sive experience in thoracic and cardiovascular surgery, 
seeks position. Interested in starting cardiac program; pres- 
ently on staff at university center. ABS certified, ABTS re- 
quirements completed. 


Please respond to W-170, the Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 37, ABS certified, 
ABTS eligible, broad cardiac, extra pediatric cardiac train- 
ing, seeks position in cardiac, vascular, and thoracic sur- 
gerv. Available now; no geographic preference. 


Please respond to W-171, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular surgeon, 37, ABTS certified, available im- 
mediately, desires relocation to West. University trained in 
all areas of thoracic and cardiovascular surgery. In busy 
private practice 3/2 vears. Primary experience in coronary 
bypass and valve surgery, but also has done general 
thoracic and vascular surgery. 


Please respond to W-172, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, ABS certified, 
comp.eting training in ABTS-approved university program, 
June, 1979, seeks academic position or association in group 
practice with university affiliation. Location flexible. 


Please respond to W-173, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 34, married, ABS and 
ABTS certified, in active private practice, wishes to relocate 
in Sun Belt states. 


Please -espond to W-174, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 37, ABS and ABTS certified, uni- 
versity trained, Ph.D. candidate, seeks academic position 
Or association in group practice with university affiliation. 
Currently completing military obligation. Available July, 
1979. Curriculum vitae and bibliography available on re- 
quest. 


Please respond to W-175, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Young. productive cardiothoracic surgeon with Boards, 
university training, extensive clinical experience, strong 
academic background, proven record at renowned clinic 
and major contributions to cardiac surgery seeks relocation. 
All situations, practices, and locations considered. Avail- 
able immediately. 


Please respond to W-176, The Annals of Thoracic Surgery, 
C-707¢ University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 38, ABS certified, 
ABTS eligible, seeks association with group, partnership, 
or hospital-based practice in thoracic and cardiovascular 
surgery Available immediately. No geographic preference. 
FLEX. 


Please respond to W-177, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiac surgeon, 36, Board certified, full-time professor at 
university, wishes to relocate practice. Prefers Southeast. 
Available immediately. 


Please respond to W-178, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 47, FACS, ABS, 
ABTS, licensed to practice in northeastern US, seeks aca- 
demic position, group practice, or partnership. Presently 
Associate Professor and Chief of Service. Available imme- 
diately. 


Please respond to W-179, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years’ 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 41, married, 6 years’ 


experience in private practice consisting of cardiac, tho- 
racic, and vascular procedures, wishes to relocate with 
group practice or partnership with larger cardiac volume. 
University trained, ABS, ABTS certified, FACS. All loca- 
tions considered. 


Please respond to W-182, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 35, seeks position 


with group in busy private or academic practice. Excellent 
university training in all aspects of cardiac and peripheral 
vascular surgery, additional pediatric cardiovascular fel- 
lowship, extensive bibliography, ABS certified, ABTS eli- 
gible. 


Please respond to W-183, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Fellowship in cardiac surgery desired by ABTS-certified 


graduate of university residency. Desires retraining in car- 
diac surgery, with operative experience. Board credit un- 
necessary. Availability and duration flexible. 


Please respond to W-184, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiac surgeon, 34, trained in major cardiac center, exten- 


sive experience in adult and congenital cases, seeks practice 
exclusively or predominantly in open-heart surgery. Cur- 
rently, staff cardiac surgeon in military. Completing Berry 
Plan, June 1980, after which will be ABS, ABTS certified. 


Please respond to W-185, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 37, ABS, ABTS cer- 


tified, seeks association with active surgeon or group lead- 
ing to partnership. University trained at leading southern 
medical center in all aspects of cardiac and thoracic surgery. 
One year in private practice. Prefers Rocky Mountain area, 
but will consider other locations. 


Please respond to W-186, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


A-55 


SITUATIONS AVAILABLE 


Fellowship in pediatric cardiac surgery starting July 1, 


1979. Provides experience in neonatal open and closed car- 
diac procedures at university pediatric hospital. Candidates 
must be ABTS eligible or certified. 


Send curriculum vitae to Section of Pediatric Cardiac Sur- 
gery, St. Christopher's Hospital for Children, 5th and 
Lehigh Sts, Philadelphia, PA 19133. 


Thoracic and vascular surgeon wanted to join private prac- 
tice in mid-Atlantic coastal community. ABTS certified or 
candidate. 


Ill, M.D., 719 J. Clyde 
23601. 


Please respond to E. W. Winfrey, 
Morris Blvd, Newport News, VA 


Full-time academic position in cardiothoracic surgery 
available, Instructor level. Initially half-time in research. 
Applicants must be Board eligible or certified and have 
demonstrated strong interest in surgical research and edu- 
cation and patient care. One year’s clinical experience be- 
yond residency level preferred. 


Please send complete curriculum vitae to Benson R. Wilcox, 
M.D., Chief, Division of Cardiothoracic Surgery, School of 
Medicine, University of North Carolina, Chapel Hill, 
NC 27514. An Equal Opportunity-Affirmative Action em- 
ployer. 


Cardiovascular trainee or Board-qualified surgeon wanted 
as of July 1, 1979. Must be interested in directing laboratory 
in myocardial preservation in northeastern medical school 
and participating in teaching program. Salaried at level of 
postdoctoral research fellowship with medical school ap- 
pointment. Limited clinical duties presently available. 


Please respond to A-103, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgery fellowship in 
university-affiliated hospital. One year, available July, 1979. 
Limited to thoracic, vascular, and cardiac surgery. At least 
3 years of general surgery training and Ohio license or 
eligibility required. Salary negotiable. 


Please respond to A-104, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted to join group 
in private practice in Atlanta. Practice limited to thoracic 
and vascular surgery. Board certification required. 


Please send responses to Mrs. DeEtte Jarman, P.O. Box 
1487, Smyrna, GA 30080. 


Fellowship in surgery available, beginning July 1, 1979, all 
levels. University-affiliated hospital, general surgery, all 
specialties included. Ohio license or eligibility for Ohio 
license necessary. 


Please contact Medical Education Department, St. Elizabeth 
Medical Center, 601 Miami Blvd, West, Dayton, OH 
45408; tel: (513) 223-3141, ext 417. 


Established thoracic and peripheral vascular surgeon 
seeking associate. Located in suburb of Washington, DC. 
Corporate benefits, excellent future. 


Please respond to Marvin L. Kolkin, M.D., 1015 Spring St, 
Silver Spring, MD 20910. 


Residency position, first year, available for July or August, 
1979. Two-year, fully-accredited program with comprehen- 
sive experience. 


Contact Capt B. L. Aaron, MC, USN, Chairman, Car- 
diothoracic Surgery Department, Naval Regional Medical 
Center, San Diego, CA 92134; tel: (714) 233-2365. 


Special fellowship in cardiac surgery available July 1, 1979. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 


Cardiovascular-thoracic surgery fellowship, St. Paul Hos- 
pital, Dallas, TX. Positions available immediately or July 1, 
1979. Stipend is $22,500 plus malpractice and health insur- 
ance. Applicants must have training equivalent to eligibil- 
ity for General Surgery Boards. 


Contact Gerald F. Geisler, M.D., Chief, Thoracic and Car- 
diovascular Department, St. Paul Hospital, 5909 Harry 
Hines Blvd, Dallas, TX 75235. 


Southern Illinois University School of Medicine, Spring- 
field, IL, needs division chairman of thoracic/cardiac sur- 
gery. University salary supplemented by practice income. 
Administration, teaching, research, patient care. Board 
certification in general and thoracic surgery and experi- 
ence in academic administration, teaching, and research 
needed. 


Contact J. Roland Folse, M.D., Chairman, Southern Illinois 
University School of Medicine, P.O. Box 3926, Springfield, 
IL 62708. Southern Illinois University is an Affirmative 
Action/Equal Opportunity employer. 


Cardiovascular and thoracic surgery fellowship available 
July 1, 1979, in active program. Rural setting. 


Please respond to Dr. Gerald M. Lemole, Deborah Heart 
and Lung Center, Browns Mills, NJ 08015. 


Thoracic and vascular surgeon, ABTS certified or eligible, 
wanted by group in southeast Florida. Practice limited to 
thoracic and major arterial surgery, with vascular laboratory 
facility. No cardiac surgery. 


Please respond to A-113, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Mature thoracic surgeon (pulmonary, esophageal), univer- 
sity trained, ABS, ABTS certified, seeks similarly trained 
associate in 400-bed hospital in Southwest. Practice limited 
to noncardiac thoracic and peripheral vascular surgery. 


Please respond to A-114, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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Electromagnetic 


Blood 
Fiowmeters. 


e Excellent performance in clinical and research applications 
e Simple, reliable operation 
e Patient protection system 
e Zero flow reference 
e Convenient readout 
è Excellent frequency response 
e Low noise — high resolution 
e Total system compatibility 
è Multiple flow adaptability 
e Compact size 
e Available with two-channel recorders 
e Wide range of blood flow probes available 








Write or call for complete information 


 . ectromagnetic 
, C od Floumeters 


E CAROL INA MEDICAL ELEC TRONICS, INC 


he ® 


CAROLINA MEDICAL 
ELECTRONICS, INC. 


P. O. BOX 307, KING, N. C. 27021 USA 
TELEPHONE (919) 983-5132 








viedtronic Unfolds 
NEW A-V SEQUENTIAL PACEMAKER 





ledtronic’s new Byrel™ implantable pacemaker 


esigned for A-V sequential pacing. 





Both temporary and permanent A-V 
sequential pacing are likely to see more 
frequent applications because of two 
new products recently developed by 
Medtronic, Inc., Minneapolis, Minn. 
These products are the Byrel™ implant- 
able A-V sequential pacemaker and the 
Model 5330 external A-V sequential 
pacemaker. 

Interest in A-V pacing is growing be- 
cause of this pacing mode's potential 
for both improving cardiac output and 
for control of certain tachyarrhythmias. 

Restoration of A-V synchrony can im- 
prove cardiac output by providing 
regular atrial filling of the ventricles and 
by providing more normal valve func- 
tion in some patients. 

It may also prevent retrograde pump- 
ing by the atria and increase the effi- 
ciency of myocardial oxygen use (when 
compared to ventricular pacing). 

A-V sequential pacing will also pre- 
vent most forms of retrograde atrial 
stimulation and bradycardia. 

Controlled A-V synchrony provides a 
method for management of certain 
tachyarrhythmias preventing the long 
PR intervals necessary for some of the 
re-entry tachyarrhythmias. Of course, it 
can also prevent atrial bradycardia in 
brady-tachy syndrome and drug-in- 
duced bradycardia. A-V sequential 
pacing can also overdrive ventricular 
arrhythmias while providing the bene- 


A-V SEQUENTIAL continued on page 2 


Kyrel* and Xyrel-VP Pacemakers Earn 99.9% Performance Rating 


Medtronic’s Xyrel® and Xyrel®-VP 
acemakers are daily setting new reli- 
bility records at Medtronic, earning a 
erformance index of 99.9%. That 
1eans that 99.9% of these products can 
e expected to perform within specifica- 
on over the next six-month period. 

To date, nearly 73,000 Xyrel® pace- 
iakers have been sold in the U.S.—ac- 
umulating in the past three years 
early three-quarters of a million im- 
lant device months. 

Yet, the number of units verified to be 
ut of specification when returned to 


Medtronic is extremely low—only 18 
actual “out of spec” units have been ob- 
served by Medtronic technicians. Thus, 
the current performance index for both 
the Xyrel® and the Xyrel® -VP units is 
99.9%. 

The Medtronic Performance Index is 
a patient management tool developed 
by the company to provide up-to-date 
device performance information for the 
physician. Its unique value is that it is 
not diluted by early, historical product 
experience and it covers only presently 
implanted devices. 


Of the total Xyrel® pacemakers sold, 
about 13,000 have consisted of Xyrel®-VP 
ventricular programmable units. Of these, 
only one has been observed to have a 
component failure by Medtronic techni- 
cians. 

The performance index for each indi- 
vidual pacemaker is reported quarterly 
to the physician with Medtronic’s Im- 
plant Data Report. Ask your Medtronic 
representative for a brochure giving de- 
tails of the Medtronic Performance 
Index, or send in the coupon following 
Product Information Summary. 
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The Spectrax™-SX multi-programmable pulse generator weighs only 45 grams and 


has a volume of 21 cc. 


Spectrax Pacemaker in Clinical 


The new Spectrax™-SX multi-program 
mable pacemaker is now undergoing 
clinical evaluation. The first implant wa: 
performed on a 44-year-old man ir 
Miami, Fla., in November, 1978. The in 
vestigation has been expandeadto othe 
centers across the country. 

“Whenever a new pacing product is bein 
developed, it creates interest in the medica 
community; says Spectrax™ marketing man 
ager, Dennis Sellke. “But, Medtronic’: 
Spectrax™ pacemaker, because of the flex 
ibility built into its programmable modes an 
functions, has generated early and unusuall' 
high excitement. The Spectrax™ pacemake 
represents significant and important techno 
logical progress in pacing; Selike says. 

Using the most modern micro-proces 
sor technology, the Spectrax™-SX pace 
maker will offer the physician atrial o 
ventricular asynchronous, atrial or ven: 
tricular inhibited, and atrial or ventricu: 
lar triggered modes. This pacemaker’s 
several programmable parameters in 
clude pacing rate (30 to 150 beats pe! 
minute), pulse width (.05 to 2.0 msec) 
amplitude, sensitivity, refractory anc 
hysteresis. 





A-V SEQUENTIAL continued 


fits of improved cardiac output. 

Making these benefits available to the 
physician and his patient are Med- 
tronics A-V sequential pacing products. 
Leading off is the new Byrel™ a pro- 
grammable, lithium-powered, ventricu- 
lar-inhibited device with seven A-V pro- 
grams and one ventricular-inhibited 
mode (atrial unit shut-down). 

The Byrel™ has many of the perform- 
ance features of other Medtronic pulse 
generators, including a lithium power 





Model 5330 external pacemaker 
for atrial, ventricular or A-V sequential 
pacing. 


source, titanium external covering, her- 
metically sealed hybrid electronics and 
more. Ofcourse, both atrial and ven- 
tricular leads are required. 

A companion to the Byrel™ is Medtronic’s 
new 5330 external pacemaker designed 
for temporary atrial, ventricular or A-V 
sequential pacing. 

In addition to its use in temporary pac- 
ing and diagnostic applications, you can 
also measure atrial or ventricular cur- 
rent stimulation thresholds with the 
5330. It can also approximate R-Wave 
potentials sensed via ventricular pacing 


implantable atrial pacing leads. 

The unit with the short electrode spacing 
(6992A) is designed for A-V sequen- 
tial pacing. 


lead electrodes. 

Amplitude of atrial and ventriculal 
Output pulses is set separately by indi 
vidual controls. You can also adjus: 
ventricular sensitivity, ventricular rate 
and A-V interval. 


LEADS 

Atrial pacing requires leads designec 
to deal effectively with the insertion anc 
dislodgement problems of atrial place 
ment. Three J-shaped leads (Models 
6990 bipolar, 6991 unipolar and 6994 bi 
polar) facilitate placement and stable 
electrode placement in the right atria 
appendage. Two coronary sinus bipolal 
endocardial leads (Models 6992 anc 
6992A) are designed for placement ir 
the coronary sinus for permanent atria 
pacing and sensing applications. The 
electrode configuration of the 6992A 
6990 and 6994 is specifically designec 
for enhancement of A-V sequential pacing 

Medtronic also provides a temporary 
disposable bipolar lead (Temptron®™ 
Model 6705). It features a needle/intro 
ducer designed for easier handling dur 
ing venous introduction. Its “push but 
ton; detachable connector permits 
complete removal of the percutaneous 
introducer cannula. This lead has beer 
used for atrial pacing from the coronan 
sinus and ventricular pacing from the 
right ventricular apex. 

Since A-V sequential pacing does no 
depend on a functional A-V conductior 
system, there are no major contraindica 
tions to this mode of therapy. 








2f Medtronic 


Helping you help 
the pacemaker patient 


FOR FURTHER INFORMATION 
SEND IN COUPON AT RIGHT. 
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MEDTRONIC’ PRODUCT INFORMATION SUMMARY 


Medtronic® External Pacing Products 


Intended Use— The Model! 5330 external pulse generator is intended for 
use with pacing lead systems for temporary cardiac pacing where such 
procedures are indicated for therapeutic, prophylactic or diagnostic pur- 
poses. The Model 5330 may be used for temporary atrial, ventricular or 
A-V sequential pacing. 

Contraindications—Atrial pacing should be used only in patients with 
intact A-V conduction systems. The existence of anomalous conduction 
pathways bypassing normal A-V conduction is a potential contraindica- 
tion for atrial stimulation. In the A-V sequential pacing mode, use of the 
Model 5330 with certain implanted lead systems may be contraindicated. 
See the 5330 technical manual for more information. 

kikpa Tite electrical equipment that is used invasively or attached to 
a pacing lead system increases the patient’s chances of exposure to 
potentially hazardous leakage currents. For complete information onthe 
quality and degree of such exposure, consult the technical literature sup- 
plied with each product. 

Precautions— All man-made devices are subject to malfunction. Appro- 
priate standby equipment should be immediately available when 
temporary pacing is employed. 

Potential Complications— Major potential complications related 
to temporary pacing are asystole following abrupt cessation of pacing 
and lead-system-related problems. Atrial stimulation carries, in addition, 
the potential complication of accidental high-rate ventricular stimulation 
possibly resulting in ventricular tachycardia or fibrillation. 


Medtronic® Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable ventricular 
pulse generator and lead system are for long-term therapeutic control of 
heart rate in patients with impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyarrhythmias and heart block (see 
product labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in patients 
with impulse formation disorders but with intact, functioning A-V con- 
duction systems. Cardiac pacing using an implantable A-V sequential 
pulse generator is for long-term therapeutic control of heart rate 
in patients where restoration of A-V synchrony is indicated to improve 
cardiac output or to protect against arrhythmias related to sequence of 
cardiac impulse propagation. 

Contraindications— There are no known contraindications to the use of 
pacing as a therapeutic modality for the control of heart rate in patients 
with normal conduction systems. In certain patients with anomalies of the 
conduction system (WPW syndrome and related conditions), patients 
may be benefited or harmed by cardiac pacing. Therefore, electrophys- 
iologic studies are required prior to therapeutic application of pacing. In 
addition, the patient's age and medical condition may dictate the 
particular pacing system and implantation procedure used bythe 
physician. 

Warnings—Diathermy should not be used on patients with pacemakers 
because of possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
generators or bipolar pulse generators implanted in the unipolar mode 
because of danger of introducing fibrillatory currents into the heart via 
the implanted pulse generator/lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles are placed over the implanted 
pulse generator. 

Precautions—The physician Should be aware that all pulse generators 
will ultimately cease to function due to cell depletion and may fail at any 
time due to random component or battery failures which cannot be 
predicted prior to failure. Also, that the pacing system may cease to 
function at any time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and medical com- 
plications, and that proper operation may be affected by electrical inter- 
ference from certain electrical equipment. 

Side Effects— Body rejection phenomena, including local tissue reac- 
tion, muscle and nerve stimulation, infection, erosion of pulse generator/ 
lead through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 


Medtronic® Implantable Pacing Leads and Accessories 


Intended Use— Medtronic® Implantable pacing leads are designed to be 
used with Medtronic® pulse generators as part of acardiac pacing system 
(see product labeling for specific directions regarding applications). 
Contraindications— Endocardial pacing leads are contraindicated in the 
presence of tricuspid valvular disease. 

Warnings—An implanted lead or lead/adaptor combination constitutes a 
direct, low resistance current path to the myocardium. During the con- 
nection and testing procedures, only battery-powered pulse generators 
should be used with the lead system to protect against ventricular fibril- 
lation induced by alternating current leakage. Extreme caution must be 
taken to properly ground all line-powered equipment used inthe vicinity 
of the patient. Lead adaptors, lead extenders and repair kits should not 
be used if the integrity of the lead is in doubt. 

Precautions—The pacing system may cease to function due to lead- 
related problems such as displacement, fracture, fibrotic tissue forma- 
tion and elevated thresholds. 

Side Effects— Body rejection phenomena, infection, erosion or migra- 
tion through body tissue, transvenous lead-related thrombosis, 
embolism. 

How Supplied—Medtronic® permanent implantable leads and acces- 
sories are supplied sterilized and, in most cases, individually packaged. 
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H IS SMOOTHER? 


because. . . there is a difference. 
DEKNATEL braided polyester sutures are: 


2. WHICH IS SOFTER, MORE FLACCID? 
H IS FINER 


H ARE YOUJUSING? 


e smoother, for better tie-down 
e softer, for greater knot security 
e finer (size for size), for less bulk 


DEKNATEL 


“SUTURE COMPARISON KIT" 


DEKNATEL 


A DIVISION OF HOWMEDICA, INC. 


©) 1978 Deknatel ETHIROND ic a trademark af FTHICON. INC. Floral Park. New York 11001 


* Of 250 surgeons who compared Polydek®, Tevdek®, and, ETHIBOND®, 212 
chose Deknatel as the smoother, softer, finer suture. 
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BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue - Irvine, CA 92714 
Phone: (714) 546-8020 - Telex: 68-5503 BENT LAB IRIN 


Bentley now offers a smaller version of the celebrated 
Spiraflo BOS-10 Disposable Blood Oxygenator for 
pediatric and infant heart surgery...the Spiraflo BOS-5. 





In Europe contact: BENTLEY LABORATORIES EUROPE - Postbus 169 Engergielaan 3 - Uden, Holland - Phone: 04132-66995 - Telex: 50117! 


Why sł ould you? 


`L 





Just one ee i species 
antiseptic can cause serious om ms. Th 
why scrubbing and prepping leave no room f 
compromise with the quality of an antiseptic. 
A oryan reer | in n cost is not worth the risk. 


BETADINE lniercbicides id toes kill 

pa positive and gram-negative bacteria, 
ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
. by NASA for disinfection procedures in Apollo 
* splashdowns and in the Skylab mission. 


BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


—— BETADINE Solution or BETADINE 
Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 


Rc: 









Uncompromising™ 
antisepsis for scrubbing 


and prepping 


“In the rare instances of local irritation or sensitivity, 
discontinue use by the individual. 


Purdue Frederick 


©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 
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Bentley now offers a smaller version of the celebrated 
Spiraflo BOS-10 Disposable Blood Oxygenator for 
pediatric and infant heart surgery...the Spiraflo BOS-5. 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue : Irvine, CA 92714 
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TAKE A LEAD FROM US... 


du 


ITLL LAST- 
A LIFETIME! 


At Pacesetter, we know that reliability has Lifetime Replacement Agreement, unique 
to apply to the pulse generator and the in the industry, on pulse generator and 
lead. That is why we make them both with lead. You see, when we say Pacesetter 
the same attention to uncompromising Systems, we mean systems, not just 
quality and unsurpassed reliability. A tri- products. Why not call us for all of the 
filar helical coil made of fatigue details. You'll find that your Pace- 
resistant alloy makes failure a setter representative will be 
thing of the past. No Pacesetter extremely helpful in leading 


lead has ever fractured. These you to the best system for 
plain facts enable us to offer a each of your patients. 


Pacesetter Systems, Inc. 


Where Reliability Is a Way of Life 
Call today toll free (800) 423-5611 (in_California call collect (213}367-1911) 
12740 San Fernando Road. Sylmar, California 91342 USA e» Telex: 69815. Cable: PACESETTER 
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You know there is continual developme 
cardiovascular surgery...some changes 
undreamed of just a few years ago. You’ 
part of it. And were part of it, bringing te 
better instruments for today’s (and 
tomorrow’s) surgical techniques. 


Many of the more recently developed 
instruments have been gathered togeth 
in Volume One of V. Mueller’s Armariu 
for Cardiovascular Surgery. 


Call our toll-free number today: 800/32 
for vour free copy. (In Illinois, call collec 
312/774-6800.) Helping you toward 
tomorrow —today. 


vwoellec 


Division of American Hospital Supply Corporation 
General Offices: 
6600 West Touhy Avenue e Chicago, Illinois 60648 
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If people can 
go on diets, 
SO can pacemaker: 


The way we look at it, if being smaller 
and lighter is good for people, it’s good 
for pacemakers. 

Introducing our S 3000. 

The $3000 is the lightest, smallest 
series of pacemakers we have ever offered. 
With a trifling 12mm thickness. And weighing 
in at a trivial 52 grams. 

Of course, its slim size and shape 
should not be the only reason for you to 
consider the Vitatron S 3000. 

Consider, too, the S 3000 pacemaker 
has well-proven reliability in its energy- 
conserving discrete circuitry and the universal 
Dutch connection which accepts virtually all 
leads without adaptors. 

And the fact that the S 3000 is laser 
welded. Exceptional biocompatibility with an 
all-titanium can and epoxyless construction. 

Our new S3000. A combination of 
outstanding economy and proven electronics 
in a small, neat package. 

For complete technical data, write 
Vitatron Medical b.v., PO. Box 76, 
Kanaalweg 24, Dieren, The Netherlands. 

In the United States: Vitatron Medical Inc., 
One-Gateway Center, Newton, MA 02158. 


© 1979 Vitatron Medical Inc. 
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Isatile flow gives better capillary and vital The Double-Chamber Pump: (1) Unique design 

gan perfusion, normal physiologic PULSE precludes accidental introduction of air into 

d coronary perfusion. Oxygen consumption the system. (2) Made with Avcothane® the most 

increased and peripheral resistance is low- widely used, high quality balloon material. (3) 

ed with less potential for metabolic acidosis. Increases pumping efficiency and avoids 
problems of leakage. (4) Antithrombogenic, 
slows clotting time which may allow increased 
time for procedure. 






Roche Medical Electronics, inc. 
ROCHE > Cranbury, New Jersey 08512 
(609) 448-1200 
C Please call me to arrange a demonstration of the Roche 
AVCO 


PBP Perfusion Bypass Pump. 


(J Piease send me more information on the Roche AVCO PBP 
Perfusion Bypass Pump. 


Roche 
AVEO PBP 


Title 

Hospital 

Address 

City State Zip 
Telephone 
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DISPOSAB 


SKIN STAPLER 


PROXIMATE 


The new PROXIMATE Disposable 
Skin Stapler offers an instrument 
with unique advantages superior to 
any other in the field. 

The PROXIMATE disposable skin 
Stapler is engineered to precise 
Surgical requirements of reliability, 
speed, control and placement, ease 
of use and comfort. It avoids the 
disadvantages of current devices and 
provides benefits for the surgeon, 
nurse and patient, as well as the 
hospital. The staple extractor is also 
designed for easy use and patient 
comfort. 


© ETHICON, Inc 


1978 


RELIABLE 


PROXIMATE skin stapler is a single-use, 
disposable instrument with oreloaded 
staples. Thus it is capable of completing 
most procedures without the lIcading or 
reloading problems of conventional de- 
vices. Itis always ready for immediate use. 


HUMAN ENGINEERED 


Made of space-age materials, the 
PROXIMATE Disposable Skin Stapler 
weighs much less than conventional skin 
staplers and requires less force to fire. 
Minimal weight and force, smooth trigger 
action and excellent visibility, provide 
more natural work angles for optimum 
control and accurate placement. 


Trademark 





Close and Dispose 


FAST 


Fully automatic. No precocking. No pre- 
loading. No waiting for conventional de- 
vices in use by other surgeons to be 
autoclaved and cooled. You are handed 
a fresh, new sterile instrument for your 
personal use for each procedure, just 
like an ETHICON*needle/suture armed 
in a needleholder, ready for use. 


NO MAINTENANCE 


Unlike reusable devices, the PROXIMATE 
disposable skin stapler requires no serv- 
icing—no time out for repairs, no clean- 
ing, scrubbing, lubricating, wrapping or 
resterilization. 
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SIGNIFICANT 
DVANCEMENT IN 
PACING SYSTEM 
ECHNOLOGY 


Pl.’s new Porous Tip Lead 
ncourages living tissue to 
row within the electrode, 
reating a bond between the 
eart and the MICROLITH,-P 
rogrammable pacing system. 
he remarkable characteristics 
f this bond allow you to 

ake full advantage of the 
ICROLITH-P’s programmable 
patures. 


PROVED ELECTRODE 
>TABILITY 


he Porous Tip Lead’s direct 
ond with heart tissue resists 


islodgement significantly 
etter than conventional leads. 


EAD SUP 


y = 


IMPROVED SENSING 
CAPABILITY 


With greatly reduced fibrotic 
build-up at the electrode site, 
the new Porous Tip Lead 
improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize ongavey of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm? tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


MICROLITH-P 


ERIORITY 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 


Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 


m Cardiac Pacemakers. Inc 
à 4100 North Hamline Avenue 
P.O. Box 43079 
St. Paul. Minnesota 55164. U.S.A 


INVOLVED IN MANKIND 


© 1979 Cardiac Pacemakers, Inc 





The 90% porous electrode 
encourages a synergistic bond with 
cardiac muscle through ingrowth of 
tissue. The 254m diameter of the 
electrode’s interior mesh fibers is 
comparable to that of an individual 
heart cell. This diminishes foreign 
body reaction resulting in a smaller 
fibrotic capsule for increased 
sensing capabilities. 


The porous configuration of the 
electrode tip and flexible lead body are 
more compatible with heart movement 
than standard leads. Placement is 
easier, with less trauma at the electrode 
site. 


The porous electrode tip combines the 
advantages of a small pacing area 
(7.5mm?) for lower current drain, and a 
large area (50mm°) for improved 
sensing. 


The lower pacing current drain 
achievable with the Porous Tip Lead 
optimizes the longevity of the 
program mapie MICRO afis 
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(Highly efficient combination filter too.) 


The WILLIAM HARVEY Cardiotomy 
Reservoir with Filter H-700F comes with 
four 1/4-inch return ports. That means it can 
accommodate one or two more extra suction 
lines than other available cardiotomy reser- 
voirs, without the inconvenience of extra 
connectors. But that’s not the only advan- 
tage of the H-700F. It has a rapid prime port 
which bypasses the microageregate filter 
through the defoamer for the return of left 
ventricular vent blood, or the quick intro- 
tion of solutions that don’t require micro- 
aggregate filtration into the extracorporeal 
circuit-the only cardiotomy reservoir avail- 
able with this capability. And it holds up to 
2500 ml of blood. Again, more than any other. 

In addition, the H-700F provides excellent 
blood and air separation through a unique 
tangential entry circuit, and has a highly effi- 
cient combination depth and 20 micron screen 
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filter system. Made of clinically proven poly- 
carbonate, thoroughly tested for toxicity and 
biocompatibility, the H-700F will easily adapt 
to your present pump system with the use of 
the H-750 Adjustable Holder. 

Also available: the H-700 Cardiotomy 
Reservoir, with all the professional features 
of the H-700F, but without the microaggre- 
gate filter. 

For more information contact your 
WILLIAM HARVEY Representative, or call 
WILLIAM HARVEY, Division of C.R. Bard, 
Inc., 1425 South Village Way, Santa Ana, 
California 92705. Call toll free: 800/854-3917. 
In California, 714/835-2422. 


Professional products 
for professionals 








WILLIAM HARVEY? 
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Soft-tension bull- - 
dogs that reduce — 
the chance of 
trauma to the 
intima. 





Henly | 


Double angle shape 
allows the clamp to lie | 
flat in various periph- y 
eral procedures. : 
Morris 
A cross clamp with 


wider, sturdier jaws for gw 


a more secure hold 
on the aorta. € 







clamp. 


Ochsner } 
Extra-wide jaws to allow $ 
multiple bypass grafts in 4 
coronary surgery without 4 
repositioning the g 
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Codman 


And one more name: 
Classic. It’s on these newly 
designed instruments 
because they have joined 
our line of 130 highest 
quality vascular clamps. 
Like the others, they are 
individually tested to assure 
you that they will live up 
to the standards of all 
Classic* Instruments. 


And like the others, they 
are waiting and ready for 
immediate shipment to you. 
Call us. We'll send you the 
complete catalog. Codman, 
Randolph, Mass. 02368. 
800-225-0460. 


©1978 Codman & Shurtleff, Inc. *Trademark 











Consistency is our hallmark. 

The time to discover off-grade tubing is at 
our facilities, not yours. That’s why the scrupu- 
lous care with which we manufacture Tygon 
tubing extends throughout our rigid quality 
control process. 

Norton employs dozens of intense quality 
control checkpoints, each documented to pro- 
vide complete traceability. Sophisticated in- 
strumentation assures total uniformity of physi- 
cal quality. Which means you can depend on 
Tygon tubing to provide consistently excellent 
service. 


Supple yet strong 
— the perfect blend. 

Tygon S-50-HL tub- 
ing is specifically formu- 
lated for the rigors of § 
extra-corporeal pump- $ 8§ 
ing. Each ingredient has K , 
been carefully selected = 
to provide superior 
characteristics, such as 
good memory and re- 
sistance to spallation and rupture. 

The result is a tubing that combines the 
strength and durability required to withstand 
hours of pump abuse, with the flexibility 
needed for superior pumping performance . . . 
the best of both worlds. 





Laser-extruded 


for precision koleranges: 

To assure uniform § ii 
inner and outer diam- 
eters, Norton employs 
sophisticated laser mi- 
crometers, which con- 
tinually monitor the 
tubing as it is extruded, 
and can sense dimen- f 
sional variances up to 


+ 0004”. 








37-088 


More importantly, these closed-loop feed- 
back laser systems actually control the extru- 
sion process for total uniformity. This helps 
prevent weak spots in the tubing wall, prime 
candidates for rupture. Plus, uniform tubing 
dimensions mean that flow rates can be more 
precise. 


Tested for biocompatibility to 


Class VI standards. ..and beyond. 

Tygon S-50-HL tubing has been extensively 
tested and documented for biocompatibility 
ever since its inception. Every batch of raw 
material is quarantined and rigorously tested 
by an independent laboratory before produc- 
tion can begin. 

Tests include those for acute toxicity, acute 
intracutaneous reactivity, intramuscular reac- 
tivity, pyrogenicity and neurological reaction. 
Any evidence of any trouble from any test and 
the entire batch of raw material is rejected. 

For your further assurance, we test Tygon 
tubing beyond what is required. We also test it 
for ethylene oxide residue, for hemolysis, for 
in-vitro coronary perfusion 
— including coronary flow 
rate, and myocardial con- 
tractibility, and in-vivo 
blood pressure determina- 
tion. Again, if one ounce of 
trouble appears, all material 
is rejected. 


The assurance of Tygon tubing. 


Demand it. 

Don’t be misled by claims of parity. There 
is only one tubing with more than 25 years of 
consistently excellent service backed up by a 
billion-dollar company . . . Tygon tubing. 

So you can be sure that you’re using Tygon 
S-50-HL tubing, we brand every foot with 
formulation and size. If the tubing you use 
doesn’t have these distinctive markings along 
its side, its not genuine Tygon tubing. 

There’s no need to sacrifice the assurance 
and dependability that Tygon tubing brings to 
enjoy the convenience of pre-made heart- 
lung packs. All you need to do is specify it — 
by name. . 





Tygon tubing... 
the vital link between patient and pump. 


Call toll-free 1-800-321-9634 


J vorton f PLASTICS AND SYNTHETICS DIVISION 


PO BOX 350 AKRON. OHIO 44309 TEL: (216) 630-9230 


Cardiac racing 
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1. SAFETY 











InterLith-RP The safe response to changing 


rate requirements. 


The InterLith-RP rate programming system is more 
than simple and straightforward. It is fail-safe. 

When you program one of the InterLith-RP’s nine pro- 
grammable pulse rates, your heart pacing decision 
goes into effect instantaneously. And it doesn't change 
until you change it. Aspecial fail-safe feature, which 
requires the occurrence of two simultaneous electrical 
events for programming totake place, safeguards 
against accidental reprogramming. 

The InterLith-RP combines safety with Intermedics 
pacemaker reliability to give you control and confi- 
dence in your heart pacing decisions. 

Safety is just one important reason to put your confi- 
dence in the InterLith-RP 


InterLith®is a registered trademark of Intermedics, Inc., Freeport, TX. 








InterLith-RP 


Intermedics Inc. 


Our business is life. 


ANNOUNCEMENT 


Continuing Education in Thoracic Surgery 


The principle of recertification in thoracic sur- 
gery was adopted by the American Board of 
Thoracic Surgery (ABTS) with the constructive 
intent of maintaining and advancing the stan- 
dards of the practice of thoracic surgery in the 
United States. Continuing education in the 
specialty and its related fields is essential in ac- 
complishing these goals. At the advice of the 
ABTS, a Coordinating Committee on Continu- 
ing Education in Thoracic Surgery (CCCETS) 
was formed in 1976 with representatives from 
the American Association for Thoracic Surgery, 
the ABTS, the American College of Surgeons, 
and the Society of Thoracic Surgeons [1]. The 
ABTS is ultimately responsible for recertifying 
diplomates and has approved the CCCETS5 rec- 
ommendations. Recertification in thoracic sur- 
gery will require: 


1. Attendance at appropriate continuing edu- 
cational exercises. 

2. A practice review. 

3. Passing a cognitive examination to be given 
by the ABTS. 


Each candidate for recertification will have to 
accumulate 100 hours of approved postgraduate 
education in the two years preceding the date of 
application. Credit will be allowed for thoracic 
educational activities in categories I and Il as 
described in the instruction booklet for the 
Physicians’ Recognition Award [2] of the Ameri- 
can Medical Association by the Liaison Commit- 
tee on Continuing Medical Education. Category I 
activities include programs such as the annual 
meetings and postgraduate thoracic programs 
of the American College of Surgeons, the 
American Association for Thoracic Surgery, 
and the Society of Thoracic Surgeons. Category 
II includes thoracic educational activities spon- 
sored by a medical organization or institution 
not formally accredited for continuing medical 
education, such as regional thoracic meet- 
ings, thoracic teaching conferences, and lec- 
tures at local institutions. Completion of a Self- 
Education/Self-Assessment Syllabus in Thoracic 
Surgery (SESATS), which is currently being 
prepared by the CCCETS, will be acceptable for 
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30 hours of credit. Credit will not be allowed for 
medical teaching, preparation of teaching mate- 
rials, publications, exhibits, presentation of 
papers, consultations, patient care review, staff 
committees, and quality control conferences in- 
cluding tissue review and complications and 
death meetings. 

Each thoracic surgeon who is looking forward 
to recertification should maintain precise re- 
cords of his continuing medical education 
(CME) activities in the two-year period prior to 
intended application for recertification. An 
honor system will be used for recording and 
submitting a candidate’s CME experience. In- 
cluded in the application form for recertifica- 
tion will be appropriate space for listing such 
credit. The self-assessment syllabus will be 
completed in time to help prepare thoracic sur- 
geons for the first voluntary recertification ex- 
amination, to be given in 1981. In view of this 
date, each prospective candidate should have a 
record of his CME experience from January 1, 
1979, through December 31, 1980. 

The precise mechanism for practice review is 
being determined. It will probably consist of a 
documented list, appropriately categorized, of 
the applicant’s consecutive cardiothoracic oper- 
ative experience in a given time or of a given 
number of cases. The examinations to be given 
by the ABTS may well be subdivided into areas 
of information common to both general thoracic 
and cardiac surgery and into areas specific to 
each. This remains to be determined. 

The ABTS and CCCETS recognize that this is 
a formative period in the establishment of op- 
timal programs for the continuing education of 
the thoracic surgeon. Informational notices 
about continuing education in thoracic surgery 
and about further delineation of the prescribed 
process for recertification will appear in the 
thoracic surgery journals. 
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ORIGINAL ARTICLES 


Routine Use of Autotransfusion 
Following Cardiac Surgery: Experience in 700 Patients 


Hartzell V. Schaff, M.D., Jerome Hauer, M.H.S., Timothy J. Gardner, M.D., 
James S. Donahoo, M.D., Levi Watkins, Jr., M.D., Vincent L. Gott, M.D., 


and Robert K. Brawley, M.D. 


ABSTRACT An _ autotransfusion technique has 
been developed for collection and reinfusion of shed 
mediastinal blood. This system has been routinely 
applied in the postoperative management of 592 con- 
secutive adult and 108 pediatric cardiac surgical pa- 
tients. Two hundred seventy-one adult patients 
(46%) and thirty-six pediatric patients (33%) actually 
received autologous blood. Autotransfusion volume 
ranged from 50 to 21,350 ml per patient. In 1976 at 
our institution, homologous transfusion require- 
ments averaged 8.4 + 0.7 units per adult patient. 
During 1978, with the routine use of postoperative 
autotransfusion, bank blood transfusions were low- 
ered to 4.2 + 0.3 units per patient (p < 0.001). In 
contrast to perioperative autotransfusion techniques, 
collection and reinfusion of shed mediastinal blood 
is particularly useful for intravascular volume re- 
placement in patients with serious postoperative 
bleeding. 


Homologous blood transfusions required dur- 
ing and after cardiac operation subject patients 
to the risks of serum hepatitis and transfusion 
reactions [1, 9]. Earlier studies found that serum 
hepatitis develops in approximately 2.3% of 
patients undergoing cardiopulmonary by- 
pass [9]. In addition, homologous blood trans- 
fusion requirements for cardiac surgical 
patients place serious demands on hospital 
blood banks in many areas [12]. To reduce 
homologous blood transfusion in patients 
following cardiac operations, we have devel- 
oped a technique for autotransfusion of shed 
mediastinal blood [13, 14]. In a randomized 
prospective study, postoperative autotransfu- 
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sion reduced homologous bank blood require- 
ments by 50%. Hematological studies demon- 
strated essentially no difference in clotting 
mechanisms when patients who received shed 
autologous blood were compared with those re- 
ceiving conventional transfusion therapy [13]. 
Importantly, autotransfusion had no apparent 
effect on subsequent risk of infection or compli- 
cations atiributable to microemboli. As a result 
of these findings, we routinely utilize an auto- 
transfusion system” in the postoperative care of 
both adult and pediatric patients undergoing 
cardiac operation. This study reviews our ex- 
perience with postoperative autotransfusion in 
700 patients, with particular attention to its im- 
pact on reducing bank blood usage and its 
cost-effectiveness. 


Postoperative Autotransfusion Technique 
The Sorenson autotransfusion system consists 
of a rigid outer canister, which is reusable, and 
a disposable sterile “liner.” The liner is made of 
two plastic bags connected in series. The upper 
bag has a capacity of 800 ml and contains two 
170 u filters to remove any blood aggregates or 
gross particulate matter. By gravity, blood flows 
through to the lower bag, which has a similar 
capacity and serves as a reservoir during col- 
lection. Controlled suction is applied in the 
canister and the partially collapsed liner. Thus, 
during early collection, the liner remains con- 
tracted, reducing the blood-air interface. 
Weight of the collected blood distends the 
lower bag, and the meniscus is compared with 
graduated markings on the canister for volume 
determination. 

When a suitable volume of blood has been 
collected, the liners are removed and replaced. 
To transfer blood, the lower bag is gently com- 
pressed to empty any air into the upper filter 


*Sorenson Research Corporation, Salt Lake City, UT. 
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Table 1. Autotransfusion in 592 Adult Cardiac Surgical Patients 


Percent of 


No. of Patients Patients 
Total No. Receiving Receiving 

Operation of Patients Autotransfusion Autotransfusion 
CAB 326 137 42 
AVR 62 34 55 
MVR 94 41 44 
CAB plus left ventricular aneurys- 110 59 54 

mectomy or valve replacement? 

Total 592 271 46 


‘Includes multiple-valve replacement. 


CAB = coronary artery bypass; AVR = aortic valve replacement; MVR = mitral valve replacement. 


bag. Then the lower bag is sealed internally and 
the filter and reservoir bags are disconnected. 
Removal of air from the reservoir is an impor- 
tant step because it eliminates the possibility of 
air embolism, especially when pressured bags 
are utilized during infusion. Blood administra- 
tion is accomplished through a second “‘recep- 
tacle” port of the collection bag, and we use a 
40 u Pall filter during autologous blood infusion. 

In our current protocol for postoperative au- 
totransfusion in cardiac surgical patients, the 
Sorenson autotransfusion system is assembled 
in the operating room and attached to medi- 
astinal drains during closure of the sternal 
wound. An Emerson chest tube vacuum pump 
is set to maintain suction at —20 cm H,O, al- 
though regulated wall suction would serve as 
well. As with blood collected from the pleural 
space [15], shed mediastinal blood is defi- 
brinogenated, and, thus, does not require anti- 
coagulation. In adult patients, if a volume of 
shed mediastinal blood exceeds 250 ml during a 
four-hour period, it is autotransfused as neces- 
sary for intravascular volume replacement. Due 
to theoretical risk of bacterial contamination, 
blood collected during a period exceeding four 
hours is not returned to the patient, and the 
autotransfusion system simply serves as a 
drainage collection reservoir. 


Clinical Material 

Since July, 1977, autotransfusion has been used 
routinely in the postoperative care of both adult 
and pediatric cardiac surgical patients at our in- 
stitution. Data from 700 patients were reviewed 


to determine the frequency with which patients 
actually received autologous blood infusion. Of 
the 592 adult patients, 271 (46%) received au- 
tolozous blood (Table 1). In the remaining pa- 
tien:s, shed mediastinal blood collected during 
any four-hour period postoperatively was con- 
sidered insufficient for autotransfusion. Shed 
meciastinal blood was returned in 42% of pa- 
tients undergoing coronary artery bypass (CAB) 
and 44% of patients undergoing isolated mitral 
valve replacement. More than 50% of patients 
hav_ng isolated aortic valve replacement or CAB 
cor bined with valve replacement received au- 
totransfusion of shed mediastinal blood. In 108 
pediatric cardiac surgical patients, 36 (33%) re- 
ceived autologous blood. This lower figure for 
pediatric patients is explained by our transfu- 
sion practice in infants. In infants, the bank 
blood unit from which intraoperative transfu- | 
sions are given is carried with the patient to 
the intensive care unit. Because of the smaller 
blood volume of infants, a proportionally larger 
amount of postoperative blood replacement can 
come from this single unit without increased 
risE of transfusion reaction or exposure to se- 
rum hepatitis. For the entire group of 700 pa- 
tients, autotransfusion volume averaged 750 ml 
per patient and ranged from 50 to 21,350 ml per 
patient. 

To determine the influence of postoperative 
autotransfusion on homologous bank blood 
usege, total blood loss and transfusion re- 
qu:rements were determined from a recent 
grcup of 271 consecutive patients (Table 2). The 
13E patients undergoing CAB had a mean post- 
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Table 2. Mean Blood Loss, Autotransfusion Volume, and Homologous 
Blood Usage for 271 Consecutive Patients Undergoing Open-Heart Operation 


Coronary 
Artery Aortic Valve 
Factors Bypass Replacement 
No. of patients 135 16 
Blood loss 802 + 655 995 + 126 
(ml per patient) 
Patients receiving 40% 56% 
autotransfusion 
Mean autotransfusion 712 + 176 648 + 134 
volume (ml per 
patient) 
Bank blood usage 1,066 +160 1,154 + 189 


(ml per patient) 


Mitral Valve 

Replacement Combined? Congenital 
32 28 60 

1,279 + 300 978 + 131 716 + 156 
47% 54% 37% 

950 + 251 931 + 188 653 + 188 
1,480 + 207 2,042 + 266 1,243 + 254 


Coronary artery bypass combined with left ventricular aneurysmectomy or valve replacement. 


operative blood loss of 802 + 655 ml per patient 


(mean + standard error of the mean). Auto- . 


transfusion volume averaged 712 + 176 ml per 
patient, and total bank blood requirements 
during the entire hospitalization were 1,066 + 
160 ml per patient. The 16 patients undergoing 
isolated aortic valve replacement had similar 
blood loss and autotransfusion volumes, and 
homologous bank blood usage was 1,154 + 189 
ml per patient. Postoperative blood loss was 
greater in the 32 patients having isolated mitral 
valve replacement and in the 28 patients under- 
going CAB and valve replacement. As expected 
in these patients, mean autotransfusion volume 
was also greater. 

In the pediatric group, 22 of the 60 patients 
(37%) received autologous mediastinal blood. 
Blood loss averaged 716 + 156 ml per patient for 
the entire group. Total bank blood usage was 
1,243 + 254 ml per patient; this figure includes 
2 units per patient used for pump prime. In the 
22 pediatric patients receiving autotransfusion, 
blood loss ranged from 100 to 4,950 ml per pa- 
tient and averaged 653 + 188 ml per patient. 
Thirteen of these 22 patients required no ho- 
mologous blood transfusion in the postopera- 
tive period, and the maximum postoperative 
bank blood requirement was 3 units. Auto- 
transfusion was particularly useful as a source 
of blood replacement following repair of cya- 
notic congenital lesions in which serious post- 
operative hemorrhage is not uncommon. 
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Fig 1. Homologous blood usage for patients undergoing 
coronary artery bypass during the same three-month 
period in 1976, 1977, and 1978. (* = p < 0.05 vs 1976; 
*t = p < 0.001 vs 1977.) 


The impact of postoperative autotransfusion 
of blood bank demands is demonstrated by 
comparing total homologous blood usage in 
1976, 1977, and 1978, during the same three- 
month period (April, May, June). Postoperative 
blood loss following cardiac operation re- 
mained relatively constant during the three- 
year period. Autotransfusion was not employed 
in 1976, but was used in approximately half the 
patients in 1977. In 1978, the system was used 
routinely in cardiac surgical patients. As seen 
in Figure 1, homologous blood requirements 
for patients undergoing CAB dropped from 7.2 
+ 0.6 units per patient in 1976 to 5.7 + 0.4 units 
in 1977 (p < 0.05). In 1978, this figure decreased 
further to 3.6 + 0.7 units per patient (p < 0.05 
vs 1976 and 1977). Substantial reductions in 
bank blood usage were also noted in 1978 for 
patients undergoing isolated aortic and mitral 
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Fig 2. Homologous blood usage for patients undergoing 
isolated aortic valve replacement during the same 
three-month period in 1976, 1977, and 1978. (*= p< 
0.02 vs 1976 and 1977.) 
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Fig 3. Homologous blood usage for patients undergoing 
isolated mitral valve replacement during the same 
three-month period in 1976, 1977, and 1978. * = p< 
0.02 vs 1976 and 1977.) 
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Fig 4. Homologous blood usage for patients undergoing 
coronary artery bypass combined with valve replace- 
ment or ventricular aneurysmectomy during the same 
three-month period in 1976, 1977, and 1978. (* = 0.05 
«< p <0.10 vs 1977.) 


valve replacement (Figs 2, 3) and combined 
coronary revascularization and valve replace- 
mert (Fig 4). Values for 1977 tended to be 
intermediate. For all adult patients in the 
threz-month study in 1976, total homologous : 
blocd transfusions averaged 8.4 + 0.7 units per 
patiant and during the same period in 1978, 
only 4.2 + 0.3 units per patient were utilized (p 
< (.007). 


Comment ; 

Intraoperative autotransfusion is commonly 
employed during cardiopulmonary bypass with 
system:c heparinization. This technique has 


_been extended successfully to trauma opera- 


tions [11] and major vascular procedures [2], 
and methods of regional anticoagulation of har- 
vested blood have been proposed. In cardiac 
surgica: patients, postoperative bleeding may 
be notable despite careful operative technique 
and heparin reversal [4, 5]. Initial study of shed 
mediastinal blood defined several hematologi- 
cal chazacteristics [13]. The blood has an aver- 
age hematocrit of 25 to 30%, relatively high 
platelet counts (63,000/mm*), and normal 
levels of factors VIII and IX. Importantly, it 
has no fibrinogen and does not clot. These 
herratclogical characteristics are similar to 
those cf shed pleural -blood [16]. Symbas and 
assoacia-es [16] demonstrated the safety of auto- 
transfusion of shed pleural blood both experi- 
mertaly and clinically. Coincident with our 
interes- in postoperative autotransfusion was 
the development of the Sorenson intraopera- 
tive autotransfusion device by Noon and co- 
workers [10]. With minor modifications, this 
appara-us proved ideally suited for the harvest 
anc. remfusion of shed mediastinal blood. Ini- 
tial clinical experience was obtained in a ran- 
domized prospective study in which the effects 
of postoperative autotransfusion were com- 
pared with those of homologous blood transfu- 
sior. Essentially, no difference in coagulation 
factors (prothrombin time, partial thrombo- 
plastin time, fibrinogen, fibrinogen-fibrin 
deg-adation products) and serum hemoglobin 
was noted when patients receiving autotransfu- 
sior. were compared with- patients receiving 
standard bank blood transfusion therapy. In 
the ausotransfusion group, postoperative bank 
bload usage was reduced by 50%. 
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Table 3. Comparison of Postoperative Blood Loss and Homologous 
Blood Transfusion Requirements for Adult Cardiac Surgical Patients 








Total 
Postoperative 
Homologous 
Blood 
Transfusion 
No. of Mean Blood Loss Requirements 
Authors Year Institution Patients (mJ/patient) (ml/patient) 
Morgan et al [8] 1972 Peter Bent Brigham 50 1,055 + 90 3,500 + 220 
Hospital 
Kaplan et al [6] 1977 Emory University 60 825 + 84 2,346 + 232 
Hospital 
Moran et al [7] 1978 Loyola University 25 1,118 + 271 2.175 + 175 
(Chicago) 
Present study 1978 Johns Hopkins 271 912 + 150 1,290 + 91 
Hospital 





These results encouraged us to extend post- 
operative autotransfusion to all patients under- 
going cardiopulmonary bypass. The present 
study demonstrates that if the autotransfusion 
system is used routinely, sufficient volumes of 
autologous blood can be collected for reinfusion 
from almost one-half of adult patients and ap- 
proximately one-third of pediatric patients. No 
hematological or microembolic complications 
have been observed in patients receiving post- 
operative autotransfusion. In our experience, 
this technique does not increase risks of en- 
docarditis or major wound infection. 

Postoperative autotransfusion has had a 
substantial impact on reducing homologous 
transfusion requirements for cardiac surgical 
patients. Total bank blood usage (including in- 
traoperative and late postoperative transfusion) 
was reduced to 4.2 + 3 units per'`patient. To 
allow comparison with previously published 
reports, homologous blood transfusions are ex- 
pressed as ml per patient. The published series 
in Table 3 include all adult patients undergoing 
open-heart operation for acquired heart disease 
and are not limited to CAB procedures. There 
is remarkably little difference in postoperative 
blood loss (range, 825 + 84 to 1,118 + 271 ml per 
patient). In contrast, total postoperative bank 
blood requirements vary considerably. Morgan 
and associates [8] reported a mean transfusion 
requirement of 3,500 + 220 ml for their cardiac 
patients. This relatively high value for blood 
usage probably reflects greater utilization of 


whole blood rather than packed red cells for 
intravascular volume replacement during this 
earlier period. Kaplan and colleagues [6] re- 
ported transfusion requirements of 2,346 + 232 
mi per patient, and control patients in the series 
of Moran and associates [7] utilized 2,175 + 175 
ml per patient. In addition to receiving routine 
postoperative autotransfusion of shed medias- 
tinal blood, the average transfusion require- 
ment in our patients during their entire hos- 
pitalization was 1,290 + 91 ml per patient. 
Direct comparison of blood loss and transfusion 
requirement in this study with published series 
other than those listed in Table 3 is difficult due 
to major differences in patient population. In 
1978, Yeh and co-workers [17] reported their 
experience with blood loss and bank blood re- 
quirements for patients undergoing CAB oper- 
ation. Their study specifically excluded patients 
undergoing reoperation or CAB combined with 
ventricular aneurysmectomy or valve replace- 
ments or both. As might be expected, patients 
undergoing CAB alone had relatively little 
postoperative blood loss (736 ml per patient). 
Their patients received an average of 203 ml of 
homologous blood during operation and 728 ml 
per patient after operation, for a total of 931 ml 
per patient. 
Perioperative autotransfusion techniques, 
including phlebotomy before bypass with re- 
infusion after bypass and centrifugation of oxy- 
genator contents with retransfusion of packed 
cells after bypass, might reduce homologous 
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Table 4. Postoperative Blood Loss and Transfusion Requirements 
in 5 Patients with Serious Hemorrhage following Cardiac Operation 


Patient No., 


Age (yr), Blood Loss 
Sex Operation (ml) 

1. 67, F° AVR 4,750 

2. 60, M CAB 2,925 

3. 50, M CAB 4,150 

4, 51, M? CAB 2,050 

5. 42, F°? AVR, MVR 21,350 


“Patient was re-explored due to hemorrhage. 


Total Postoperative 


Autotransfusion Blood Bank 
Volume Transfusion 
(ml) (units) 
4,650 4 
2,125 1 
3,800 6 
1,950 3 
20,350 14 


AVR = aortic valve replacement; CAB = coronary artery bypass; MVR = mitral valve replacement. 


bank blood requirements from 18 to 33% [3, 
6, 7]. However, as pointed out by Moran and 
associates [7], these techniques are effective for 
uncomplicated operations but have little impact 
on reducing homologous blood transfusions in 
situations associated with increased blood loss, 
such as reoperation and multiple valve re- 
placement. On the other hand, postoperative 
autotransfusion of shed mediastinal blood is 
particularly useful in the postoperative man- 
agement of patients with serious mediastinal 
hemcrrhage. Data on 5 patients with severe 
postoperative bleeding are shown in Table 4. 
Blooc losses ranged from 2,050 ml to 21,350 ml, 
and autotransfusion of 84 to 98% of shed 
mediastinal blood markedly lowered bank 
blooc transfusion requirements. Patient 2 who 
lost 2,525 ml of blood following CAB required 
only 1 unit of homologous packed red blood 
cells, with the remainder of the blood replace- 
ment supplied by autotransfusion. Patient 1 
had a postoperative blood loss of 4,750 ml. Au- 
totransfusion of 98% of the shed mediastinal 
blood permitted bank blood transfusion of only 
4 units during her entire hospitalization. In 
these 5 patients who received large quantities 
of autotransfused mediastinal blood, no epi- 
sodes of microembolic complications or in- 
duced coagulopathy were noted. Patients were 
suppcerted with fresh-frozen plasma when nec- 
essary. Three of the 5 patients required me- 
diastinal exploration. All 5 survived and were 
discharged from the hospital. 

In addition to reducing blood bank demands 
and potential morbidity associated with ho- 
mologous blood transfusion, postoperative 


autocransfusion appears to be quite cost-effec- 
tive. Charges for a single unit of blood in our 
hospital total $63.00, including type- and 
cross-matching fees. A conservative estimate of 
blocd saving by postoperative autotransfusion 
would be 2 units per patient, and after deduct- 
ing zosts of the autotransfusion system, we 
project a savings of $100.00 per patient. On a 
national level with 90,000 open-heart proce- 
dures performed yearly, considerable financial 
savings for the health care system could be 
realized through routine postoperative auto- 
transfusion of shed mediastinal blood. 
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Autotransfusion Following Cardiac 
Operations: A Randomized, Prospective Study 


Robert L. Thurer, M.D., Bruce W. Lytle, M.D., Delos M. eons M.D., 


and Floyd D. Loop, M. D. 


ABSTRACT To evaluate the safety and effective- 
ness of the collection and retransfusion of post- 
operatively shed mediastinal blood as part of a mul- 
tifaceted approach to blood conservation following 
cardiac operation, 113 patients were randomized into 
either an autotransfusion group (54 patients) or a 
control group (59 patients). Intraoperative and post- 
operative hemodilution was practiced in all patients. 
The clinical safety of this technique was confirmed 
by the lack of septic, hematological, pulmonary, 
renal, or hepatic complications. However, in this 
setting where blood conservation is already aggres- 
sively practiced, the ability of the technique to fur- 
ther reduce the use of banked blood following car- 
diac surgical procedures was not demonstrated. 


Cardiac surgical procedures have traditionally 
consumed large volumes of blood and blood 
products, averaging as much as 8 units per pa- 
tient [13]. With the rise in the number of cardiac 
procedures performed each year, it is essential 
that the amount of blood used be considerably 
reduced to conserve resources of homologous 
blood. In addition, each unit of homologous 
blood transfused carries the following risks to 
the individual patient: febrile reaction; isoim- 
munization; transmission of infectious disease, 
e.g., bacteria, syphilis, malaria, Epstein-Barr 
virus as well as the Australian antigen-positive 
and negative hepatitis-producing viruses; and 
major histocompatibility reactions [9, 15, 22]. 
Also, as heart operations have become safer, 
the morbidity and mortality from posttransfu- 
sion hepatitis alone has become a greater part of 
the total risk. 

Accordingly, a multifaceted approach to 
blood conservation has been adopted by a 
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, nurr ber of institutions, including the Cleveland 
Clinic [4-6, 18, 23]. Techniques designed to re- 


duce the amount of homologous blood cur- 
reni_-y used include the following: (1) intraoper- 
ative phlebotomy before bypass, with nor- 
movolemic hemodilution, storage of the blood, 
and. retransfusion after bypass; (2) a bloodless 
pump prime; (3) intraoperative retransfusion of 
all Elood removed by cardiotomy suction; (4) 
collection and infusion of all blood remaining 
in tne pump oxygenator after bypass; (5) vol- 
ume.expansion with bloodless solutions such as 
Ringer’s lactate or 5% albumin in saline solu- 
tion with the acceptance of postoperative ane- 
mia in the hemodynamically stable patient; (6) 
avcidance of prophylactic component treatment 
of te coagulation system; and (7) meticulous 
surg.cal hemostasis. The application of these 
prirciples at the Cleveland Clinic, a clinical and 
teaching facility.at which many cardiac opera- 
tion= are performed with the involvement of 
resicents and fellows as well as staff, has de- 
creazed the average transfusion of homologous 
blocd and blood products during the cardiac 
surg-cal patient’s hospital stay from 8 units per 
patient in 1972 to 2.5 units per patient in early 
1978 

A ogical further step in blood conservation is 
the zollection and retransfusion of blood shed 
by tre patient. During cardiac operation, this is 
done by cardiotomy suction while the patient is 
heparinized. Similar techniques -have been 
usec. intraoperatively during vascular and 
trauma procedures with the aid of systemic or 
local anticoagulation or both [8, 10, 11, 19-21] 
and without anticoagulation in the collection of 
blood from traumatic hemothoraces [17]. In 
1978, Schaff and co-workers [14] utilized the 
Sorenson autotransfusion system with post- 
operative cardiac surgical patients to collect and 
retrensfuse shed mediastinal blood without 
local or systemic anticoagulation. The use of 


‘homologous blood postoperatively was halved 


500 0003-4975/79/060500-08$01.25 © 1978 by Robert L. Thurer 


ad 


501 Thurer et al: Autotransfusion after Cardiac Operations 


in their autotransfused patients, but still re- 
mained at 2.4 units per patient. 
Despite the advantages of blood salvage, 
theoretical hazards of the transfusion of shed 
’ blood include sepsis [3, 14], microembolism [2, 
3], hemolysis, dilutional anemia and throm- 
bocytopenia, and coagulopathy [1, 3, 16]. Fur- 
ther, it is not clear if the savings in blood and 
blood products would be significant within a 
system that already employs multiple tech- 
niques of blood conservation, including intra- 
operative and postoperative hemodilution. 
Therefore, a randomized prospective study of 
the collection and retransfusion of postopera- 
tively shed mediastinal blood was undertaken. 


Material and Methods 

One hundred thirteen consecutive adult pa- 
tients undergoing cardiac surgical procedures 
with the aid of cardiopulmonary bypass were 
randomized into an autotransfusion group of 54 
patients and a control group of 59 patients. Pa- 
tients who had had previous cardiac operation 
were excluded because of the variability of their 
postoperative blood requirements, and patients 
having cardiac valve replacement were ex- 
cluded because of the theoretical possibility of 
bacterial contamination. No other patients were 
excluded. 

In the autotransfusion group, shed mediasti- 
nal blood was collected postoperatively by a 
commercially available autotransfusion system” 
consisting of a reusable rigid canister which 
contains two disposable plastic collection bags 
connected in series. Suction (— 20 cm H,O) was 
applied, allowing shed blood to flow into the 
upper bag of the system and then through two 
170- filters into a lower 800 ml collection bag. 
The lower bag was then disconnected from the 
system and its contents infused, the collected 
blood being transfused through an in-line 40 u 
filter.t No blood was allowed to remain in the 
collection system longer than 4 hours because of 
the possibility of bacterial growth; and: shed 
blood that was not utilized during this time pe- 
riod was discarded. When notable bleeding 


*Sorenson Research Corporation, Salt Lake City, UT. 
tPall Biomedical Products Corporation, Glen Cove, NY. 


ceased (usually after 4 to 8 hours), retransfusion 
was no longer employed. 

Blood was removed from some patients dur- 
ing induction of anesthesia if they were 
hemodynamically stable and did not have a 
major lesion of the left main coronary artery 
(autotransfusion group, 3 patients; control 
group, 7 patients). All operations were per- 
formed through a median sternotomy using 
standard techniques for cardiopulmonary 
bypass and either a membrane or bubble 
oxygenator. Anticoagulation was established 
with heparin, 3 mg per kilogram of body 
weight, and was maintained with an additional 
1.5 mg per kilogram per hour of bypass. Rever- 
sal of anticoagulation at termination of bypass 
was accomplished with 1.5 mg of protamine per 
milligram of heparin given. Intraoperative 
blood replacement was left to the discretion of 
the staff surgeon and anesthesiologist. Nine- 
teen patients (35%) in the autotransfusion 
group and 22 patients (37%) in the control 
group received blood intraoperatively. Blood 
remaining in the bypass pump at the conclu- 
sion of the procedure was saved for later trans- 
fusion. 

Postoperatively, volume expansion was car- 
ried out, first with blood removed from the pa- 
tient before bypass if available, next with the 
residual contents of the pump oxygenator, and 
finally with bloodless solutions or shed blood 
or banked blood, as necessary. The amount in- 
fused was based on clinical evaluation and 
monitoring of vital signs, right and left atrial 
pressures, and urine output. An active effort 
was made to minimize postoperative homolo- 
gous blood transfusion in both groups, with 
normovolemic anemia being accepted in com- 
pletely revascularized, hemodynamically stable 
patients. In patients for whom complete revas- 
cularization was not possible or in those who 
were unstable hemodynamically, the hemato- 
crit was raised to 30% or higher. Fresh-frozen 
plasma and platelets were not used routinely. 

A hematological profile including hemo- 
globin, hematocrit, white blood cell count, red 
blood cell count, platelet count, prothrombin 
time, partial thromboplastin time, thrombin 
time, and plasma hemoglobin was obtained on 
all patients before operation, immediately after 
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Table 1. Patient Characteristics 


Characteristic 


Patients 
Men 
Women 

Age (yr) 

Weight (kg) 

Myocardial revascularization 
procedures 

Grafts per patient 

Other procedure 


Bubble oxygenator? 
Membrane oxygenator” 
Duration of bypass (min) 


Autotransfused Group Control Group 


54 59 
48 55 
6 4 
55.9 (24-72) 54.8 (38-73) 
76.7 76.6 
52 58 
2.44 2.34 
1 atrial 1 ventricular aneurysm 
septal defecz 
1 aortic 
aneurysm 
24 24 
30 3a 
76 67 


aTravenol Variflo. 
>Travenol TMO. 


operation, and on the first and seventh post- 
operative days. Standard renal (urinalysis, 
blood urea nitrogen, creatinine) and liver func- 
tion (bilirubin, alkaline phosphatase, serum 


glutamic oxaloacetic transaminase [SGOT]) - 


studies were measured before operation and on 
the seventh postoperative day. Blood cultures 
were obtained from all patients on the first and 
seventh postoperative days, and a chest roent- 
genogram was made immediately after opera- 
tion and on the first and seventh postoperative 
days. Cardiac enzymes and electrocardiograms 
were obtained on the first three postoperative 
days and on the seventh postoperative day. Ac- 
curate records of blood loss and replacement 
throughout the hospital stay were maintained. 

Samples of shed mediastinal blood were 


analyzed for hemoglobin, hematocrit, white 


blood cell count, red blood cell count, platelet 
count, and plasma hemoglobin, and cultures 
were grown. 


Results 

Both groups were comparable regarding sex, 
age, weight, type of operation, grafts per pa- 
tient for myocardial revascularization, duration 
of cardiopulmonary bypass, and type of 
oxygenator used (Table 1). There were no 
deaths in the autotransfusion group and 1 death 
from renal failure secondary to late postop- 


Table 2. Hematological Analysis 
of Shed Mediastinal Blood of 49 Patients 


Value 
Factot (mean + SD) 
Hemazocrit (%) 19.9 + 4.4 
Hemezlobin (gm/100 ml) 685 + 1.72 
White blood cell count S9 E 26 
(pez mm? x 10°) 
Red tood cell count 2.18 + 0.51 
(per mm? x 105) 
Plateiet count 67.8 + 63.2 
(per mm? x 10%) 
Plasm= hemoglobin 315.0 + 186.0 


(mg‘100 ml) 


SD = standard deviation. 


erative sepsis in the control group. Based on, 
enzymatic and electrocardiographic criteria, 1. 
patier:t in the control group and none in the 
autotransfusion group experienced periopera- 
tive myocardial infarction. 

Her-atological analysis of samples of shed 
medizstinal blood of 49 patients in the auto- 
transfcsion group is presented in Table 2. Of 
note are the mean hematocrit of 19.9% and the 
free p.asma hemoglobin of 315 mg per 100 ml. 
Three specimens of shed mediastinal blood 
grew arganisms after one week of incubation, 
however only small colony numbers were pres- 
ent. Ome grew diphtheroids and two, uniden- 


ae... 


Sa 


503 Thurer et al: Autotransfusion after Cardiac Operations 


Table 3. Hematological and Coagulation Studies in the Autotransfusion 
Group of 54 Patients and the Control Group of 59 Patients 








WBC Pit Plasma 
(per mmë (permm® PT PTT TT Hgb 
Time Het (%) x 10°) x 10°) (sec/control) (sec) (sec/control) (mg/100 ml) 
Preoperative 
AT 43.8 +43 7A2E1.7 2572 8 12.33 £05812 27.3229 10.57 + 0.77/10 18.0 + 15.4 
Control 43.9438 7242.4 2524+ 70 12.46+0.9012 269429 10.44 + 0.69/10 18.4 + 17.0 
Immediately 
postop. 
AT 30.1 + 4.3 109436 159+ 60 16.07 t 3.16/12 349460 12.58 + 3.9/10 51.5 + 28.0 
Control 50.9243 10:2 23.8 1522 61 15:76 £35512: S3.023./ 12.22 23.130 52.4 + 26.5 
First postop. i 
day 
AT 27.5 £3.7 7842.2 144+ 50 15.15 Ł 4.90/12 314447 11.5 + 5.4/10 5.5 + 11.4 
Control 28.4 + 3.8 7.9+3.1 153+ 51 14.54 żŁ 1.72/12 306435 11.0 + 3.3/10 61+ 3.6 
Seventh 
postop. day 
AT 30.8 + 3.6 86426 4224133 12.52+0.6112 25.2+41.7 10.07 + 0.23/10 90 + 6.8 
Control 30.1 £3.5 8643.3 420 +104 12.61 + 0.70/12 25.3 + 1.7 10.08 + 0.28/10 8.5 + 4.9 


Hct = hematocrit; WBC = white blood cell count; Plt = platelet count; PT = prothrombin time; PTT = partial thrombo- 
plastin time; TT = thrombin time; Hgb = hemoglobin; AT = autotransfusion. 


tified gram-negative bacilli. All were thought to 
be laboratory contaminants and were not asso- 
ciated with clinical infection or other positive 
cultures from the patients involved. 

No patients in either group had positive 
blood cultures. There were no postoperative 
wound infections in the autotransfusion group 
and one in the control group. One patient in the 
contro] group had a culture-positive urinary 
tract infection postoperatively. There were no 
other clinical infections. One patient had rigor 
coincident with a shed blood transfusion, 
which was discontinued, and he made an un- 
eventful recovery. 

Three patients in the autotransfusion group 
and 2 in the control group had abnormal pre- 
operative renal function, which remained ab- 
normal after operation. Additionally, new mild 
elevations in blood urea nitrogen (below 45 
mg per 100 ml) developed in 2 patients in the 
autotransfusion group and 3 in the control 
group without a rise in serum creatinine levels. 
There were no notable abnormalities in the 
postoperative urinalyses in either group. No 
patients in either group had clinically signif- 
icant elevations of alkaline phosphatase, bili- 
rubin, or SGOT after operation. 

Hematological and coagulation studies done 
before operation, immediately after operation, 


and on the first and seventh postoperative days 
are shown in Table 3. There were no statistically 
significant differences between the autotrans- 
fusion and control groups. Of note is the eleva- 
tion, in both groups, of the mean plasma he- 
moglobin value and mean prothrombin time 
immediately after operation. On the seventh 
postoperative day, the mean platelet count was 
elevated in both groups. 

Forty-five patients in the autotransfusion 
group were actually transfused with shed blood 
(mean, 523 ml per patient). The 9 patients who 
did not receive autotransfused blood had an in- 
significant accumulation of shed blood in any 
4-hour period. Thirteen of the 45 patients auto- 
transfused received less than the total amount 
of shed blood that should have been available 
either because of accidental contamination of 
infusion equipment or because they did not re- 
quire volume replacement at the time the blood 
was available. Eleven of these 13 received less 
than 200 ml of shed blood. 

No statistically significant saving of banked 
blood was demonstrated when the autotransfu- 
sion group was compared with the control 
group. The autotransfusion group received an 
average of 698 ml of banked blood during the 
entire hospitalization compared with 707 ml for 
the control group. Complete blood loss and 
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Table 4. Blood Loss and Blood Replacement 


Loss and Replacement 


Postoperative chest tube drainage 
Blood replacement 
Whole blood 
Total 
Postop. only 
Packed cells 
Total 
Postop. only ` 


Autotransfusion (shed 
mediastinal blood)® 


Other colloid replacement 
5% Albumin in saline 
25% Albumin in saline 
Fresh-frozen plasma 
Platelets 

Total banked blood replacement 
Postop. only 


Total blood replacement including shed 
blood? 
Postop. only? 


Total no. of patients 


No. of patients receiving no 
banked blood during hospital stay 


ap < 0.01. 
One patient received 250 ml. 
‘One patient received 1,100 ml. 


volume replacement data for all patients are 
presented in Table 4. Seventeen patients (31%) 
in the autotransfusion group and 19 patients 
(32%) in the control group received no 
banked blood during their hospital stay. When 
the data for patients receiving more than 200 ml 
of shed blood were reviewed and compared 
with the control group, no saving of banked 
blood was documented. A further subgroup of 
10 patients in the autotransfusion group and 9 
patients in the control group who had more 
than 25 ml per kilogram of postoperative chest 
tube drainage was compared. Again, no statis- 
tically significant saving of banked blood was 
demonstrated (Table 5). In an attempt to elimi- 
nate the variabilities encountered because of 
intraoperative transfusion, we analyzed blood 
utilization in terms of total banked blood re- 
quirements and “postoperative only” banked 


Autc:ransfused 
Gro. 
(mean ml/patient) 


Control Group 
(mean ml/patient) 


1,403 1,258 
433 507 
305 399 
265 200 
205: 134 
436 0 

1,798 1,664 
131 92 

5b 18° 
0 0 
698 707 
510 534 

1,134 707 

945 534 
54 59 

Fi 19 
(31%} (32%) 


blood requirements. No significant differences 
were fund. 


Comment 

This study confirms the clinical safety of the 
retranscusion of shed mediastinal blood fol- 
lowing cardiac operation. All autotransfused 
patient= survived and made a clinically satis- 
factory recovery. Despite the prospective evalu- 
ation o7 possible complications with this tech- 
nique, Zone were noted. 

The zossibility of bacterial contamination 
and sulsequent sepsis was of concern, but the 
lack of clinical infection in these patients and 
the 100% negative series of blood cultures are 
evidencz that the risk of postoperative sepsis is 
not increased by this technique. Cultures of 
three samples of shed blood grew organisms, 
but these were considered laboratory contami- 


<6 
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Table 5. Blood Loss and Blood Replacement in Patients 
with More than 25 ml per Kilogram of Postoperative Chest Tube Drainage 





Loss and Replacement 





Postoperative chest tube drainage 
Blood replacement 
Whole blood 
Total 
Postop. only 
Packed cells 
Total 
Postop. only 


Autotransfusion (shed 
mediastinal blood)? 


Other colloid replacement 
5% Albumin in saline 
25% Albumin in saline 

Total banked blood replacement 
Postop. only 


Total blood replacement including shed 
blood® 


Postop. only? 


No. of patients 
ap < 0.01. 


nants. This rate of positive cultures is similar to 
the incidence of positive cultures reported in 
banked blood [7]. 

Since this autotransfusion system uses no 
systemic or local anticoagulation, it depends on 
defibrinogenation in the pericardium, two 170-4 
filters in the collection device, and the 40-u 
filter used during infusion to remove potential 
microemboli. Clinically, no adverse effects of 
microembolization were detected, and no renal 
or hepatic dysfunction was demonstrated. 
There were no postoperative neurological com- 
plications. No patients in the autotransfusion 
group exhibited radiographic changes indica- 
tive of embolization and none had respiratory 
failure or prolonged mechanical ventilation. 

Use of the autotransfusion system does carry 
with it an infusion of.free hemoglobin (mean 
level in shed blood samples, 315 mg per 100 
ml), and several patients had transient hemo- 
globinuria during or shortly after infusion. 
Cardiopulmonary bypass itself produces a free 
hemoglobin load, as evidenced by the elevation 
in free plasma hemoglobin in both the auto- 


Autransfused 
Group Control Group 
(mean ml/patient) (mean m/I/patient) 
2,471 2,136 

635 970 

485 759 

452 206 

277 123 
1,076 0 
2,110 2,094 

285 133 
1,087 1,176 

762 882 
2,163 1,176 
1,838 882 

10 9 


transfusion group and control group immedi- 
ately after operation. The lack of renal failure 
and the return of plasma hemoglobin levels to 
normal by the first postoperative day suggest 
that the magnitude of the hemoglobin load 
added by the autotransfusion system is insig- 
nificant. This also confirms previous obser- 
vations that the infusion of free hemoglobin is 
not detrimental in the nonacidotic patient with 
an adequate urine output [12]. 

Platelet counts, prothrombin times, partial 
thromboplastin times, and thrombin times 
were comparable at all stages of recovery in the 
autotransfusion and control groups. No fea- 
tures of clinical coagulopathy developed in any 
transfused patients. There was, however, a 
slight (though not statistically significant) in- 
crease in postoperative chest tube drainage in 
the autotransfusion group, a phenomenon 
noted by other investigators [14]. Blood com- 
ponent therapy was not routinely used. No pa- 
tients received platelets, and only 1 patient in 
each group received fresh-frozen plasma, al- 
though mean prothrombin times immediately 
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after operation were slightly elevated in both 
groups. Five patients (3 in the autotransfusion 
group and 2 in the control group) with exces- 
sive postoperative bleeding required reexplo- 
ration. Surgical hemostasis was achieved in all 
patients, and no complications resulted from 
the bleeding. 

Our inability to demonstrate a significant 
saving of banked blood by the autotransfusion 
of shed mediastinal blood is in contrast to the 
previously reported experience [14]. However, 
in our setting where blood is conserved by a 
variety of methods including the acceptance of 
normovolemic anemia, the ability of a new 
method to reduce further the use of banked 
blood is more difficult to demonstrate. The 
banked blood required in our control group 
was less than that in the autotransfusion group 
repcrted in the study by Schaff and co-workers 
[14] in which all patients were transfused to a 
hematocrit of 35%. In our study, the mean 
hematocrit was 30% in the autotransfusion 
group and 31% in the control group immedi- 
ately following operation and 28% in both 
groups on the first postoperative day. The sal- 
vage of shed blood from a hemodiluted patient 
results in a relatively smaller saving of red cell 
mass than from a nonanemic patient since 
postoperative bleeding is occurring at a lower 
hematocrit. This is evident by comparing the 
mean hematocrit of 19.9% in the shed blood 
samples in this study with the value of 25% 
from the group reported by Schaff and col- 
leagues [14]. 

We observed occasional patients in whom the 
reinfusion of shed mediastinal blood seemed to 
reduce banked blood replacement. We accept 
that shed blood transfusion can result in sav- 
ings of banked blood. However, we believe that 
the efficacy of this technique is limited in an 
environment in which other active attempts to 
conserve blood are being made. 

As a result of this study, we think that the 
retransfusion of postoperatively shed mediasti- 
nal blood after open-heart operation is a safe 
technique. The cost is comparable to other 
postoperative drainage systems currently in 
use, and the skills required to collect and re- 
transfuse shed blood are simple to master. Be- 


cauze we believe this method can limit banked 
blod utilization in the patient who has unex- 
pectedly large postoperative hemorrhage, we 
are continuing to evaluate this technique even 
thoigh its ability to conserve blood was not’ 
derronstrated in this group of routine cardiac 
surgical patients. 
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The Use of Prostaglandin E, 


and Blalock-Taussig Shunts in Neonates 
with Cyanotic Congenital Heart Disease 


D. A. Browdie, M.D., William Norberg, M.D., Robert Agnew, M.D., 
Bernard Altenburg, M.D., Richard Ignacio, M.D., and Clif Hamilton, M.D. 


ABSTRACT Six unselected neonates with cyanotic 
congenital heart disease and life-threatening degrees 
of arterial oxygen desaturation have been managed 
by a protocol that includes administration of pros- 
taglandin E, (PGE,) and early Blalock-Taussig shunt- 
ing. In 5 patients (seven paired observations) partial 
pressure of arterial oxygen (PaQO,) rose from 19 mm 
Hg to a mean of 32.9 mm Hg within 20 minutes of 
initiation of PGE, (0.1 to 0.2 uweg/kg/hr), infused in- 
travenously or through an aortic catheter placed at 
ductal level or with both methods. The nonrespon- 
sive patient was older than the patients showing a 
positive response (1 month versus 24 to 96 hours). 
Following catheterization, immediate palliative op- 
eration including a Blalock-Taussig shunt was car- 
ried out. Although all had a satisfactory PaO, (mean, 
49 mm Hg) postoperatively, the PGE,-nonresponsive 
patient experienced serious intraoperative bradycar- 
dia, hypotension, and acidosis in contrast to the 
PGE,-responsive group. In this study, the use of 
PGE, was not associated with any apparent serious 
side effects. 


Infants seen in the neonatal period with severe 
cyanctic congenital heart disease because of 
pulmonary oligemia and right-to-left intracar- 
diac shunting require early and aggressive 
diagnosis and therapy. With such manage- 
ment, survival rates on the order of 50% have 
been reported [11]. While the hemodynamics 
vary depending on the developmental abnor- 
malities involved, inadequate pulmonary blood 
flow due to anatomical or functional obstruc- 
tion of this flow remains a common feature. In 
most instances death ensues, caused by the 
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carc_ac, cerebral, gastrointestinal tract, and 
renz. effects of severe arterial oxygen desatura- 
tion and progressive metabolic acidosis [10]. 

Although progress has been made in 
achieving early repair, there remains a large 
number of infants in whom the immediate aim 
of terapy is the establishment of a so-called 
pall:ative shunt pending later surgical correc- 
tion [1, 9, 21]. This approach is certainly 
stra:zhtforward conceptually but it presents 
imposing problems when applied to neonates 
with immediate life-threatening degrees of 
arterial hypoxia. Recently, it has become appa- 
rent-o us that a marked improvement in results 
has >een obtained with a treatment protocol 
that includes the use of prostaglandin E, 
(PG=,)* and the Blalock-Taussig shunt in neo- 
nates requiring emergency palliative systemic- 
pulz.onary artery shunts. While this experience 
is limited, it has been so consistent that we 
thor.zht this report was warranted. 


Material 

The patient group consisted of all infants re- 
ferred to the Neonatal Intensive Care Unit of St. 
Lukz’s Hospital from February, 1976, to June, 
1978, and found to have life-threatening cya- 
notiz congenital heart disease. Symptoms in- 
cluded arterial oxygen saturation of less than 
60 tc 65%, partial pressure of arterial oxygen 
(PaQ,) of less than 30 mm Hg, “spells,” and 
metabolic acidosis. All had anatomical obstruc- 
tion of pulmonary blood flow and _ intracar- 
diac right-to-left shunting proved by cardiac 
catheterization. Infants with lesions causing 
cyanosis on the basis of inadequate mixing or 
pulmonary edema or “functional” right heart 
obsizuction or any combination of these [7] 
were excluded from the protocol. 


*Kindly made available by the Upjohn Company, Kala- 
mazom MI, on an experimental drug protocol. 


aa- 
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Methods 

A tentative diagnosis of severe cyanotic con- 
genital heart disease was established on the 
basis of clinical assessment, arterial blood 
gases, chest roentgenograms, electrocardio- 
grams, and echocardiograms within a few 
hours of admission. Cardiac catheterization 
and preparation for operation were undertaken 
immediately. 

A modification of a protocol provided by the 
Upjohn Company and approved by the Fargo 
Clinic-University of North Dakota School of 
Medicine-TNI-St. Luke’s Hospital Committee 
on Clinical Investigation was used. Informed 
consent for the use of PGE, was obtained from 
the parents of each patient. PGE, was prepared 
by the St. Luke’s Hospital pharmacy by dis- 
solving 1 mg of PGE, powder in D;W using 
aseptic methods. The rate of administration 
was controlled by a Holter pump at 0.1 to 0.2 
pgikgimin. PGE, was given intravenously 
through peripheral and right atrial lines or in- 
traarterially through an umbilical artery—aortic 
catheter, positioned at the level of the ductus 
arteriosus. Thus, in some instances, PGE, ad- 
ministration was begun through peripheral 
intravenous infusion if clinical decompensation 
and severe arterial desaturation (PaO. < 30 mm 
Hg) were noted. 

Arterial and venous pressures were moni- 
tored as well as urine output, temperature, and 
neurological state. Serial assessment of indices 
of hematological (hematocrit, hemoglobin, 
white blood cell count, differential, platelet 
count), hepatic (serum glutamic oxaloacetic 
transaminase, bilirubin, alkaline phosphatase) 
and renal (blood urea nitrogen, creatinine) 
functions were carried out. Repeated arterial 
blood gas determinations were facilitated by 
the use of umbilical artery, radial artery, and 
temporal artery lines. 

Cardiac catheterization was performed using 
the femoral vein approach in each patient. 
When it had not been administered previously, 
PGE, infusion was begun at the time of 
catheterization. During these studies, care was 
taken to establish the anatomy of the aortic arch 
and pulmonary arteries if possible. In 2 pa- 
tients, use of PGE, and transaortic ductal injec- 
tion were combined to visualize the pulmonary 


artery to confirm patency of the ductus ar- 
teriosus, and it was noted incidentally that this 
technique demonstrated some of the pulmo- 
nary artery anatomy [7]. When patients had 
tricuspid atresia or transposition complex, bal- 
loon septostomy was carried out. Following 
catheterization, PGE, infusion was continued 
and the patient was taken to the operating 
room. 

The anesthetic technique consisted of in- 
duction with morphine and pancuronium bro- 
mide, oral endotracheal intubation (if this 
had not been required earlier), and mainte- 
nance with additional oxygen—nitrous oxide 
and pancuronium bromide. During operation, 
PGE, was continued as preoperatively and se- 
rial blood gas determinations were done. 

The surgical approach consisted of thora- 
cotomy through the fourth intercostal space on 
the side opposite the aortic arch. When pulmo- 
nary valvotomy was planned, the incision was 
extended across the sternum as required [2, 12]. 
The pulmonary artery and its first branch were 
dissected, with extension into the pericardial 
cavity as required, and were controlled with 
loops of 2-0 silk. In every patient, the pulmo- 
nary artery appeared quite small initially, but 
was found to be adequate despite failure of 
preoperative angiography to clearly delineate 
its presence in some instances of very low pul- 
monary blood flow. 

The ipsilateral subclavian artery was mo- 
bilized from the apex of the chest after divi- 
sion of the vessel as it entered the axilla. All 
proximal branches (thyrocervical, internal 
mammary, and vertebral arteries) were di- 
vided. When appropriate, the recurrent laryn- 
geal nerve was identified and the subcla- 
vian artery was moved out from underneath it. 
After the junction of the subclavian-innominate 
artery was identified, the common carotid ar- 
tery was dissected as high as possible into the 
neck and the innominate artery was dissected 
to its origin. During dissection, care was taken 
to identify and protect the brachial plexus, the 
phrenic and vagus nerves, the esophagus and 
the superior mediastinal venous structures, 
particularly the right or left innominate vein. 
After the occurrence of a brachial plexus palsy 
in 1 patient was noted, cautery to help with 
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hemostasis in the apex area was no longer used. 
After this portion of the procedure, the ligature 
and end of the mobilized subclavian artery 
were removed, and the vessel was flushed with 
blood after the intravenous administration of 
beef lung heparin, 100 units per kilogram of 
body weight.* The vessel was then controlled 
with a microvascular “bulldog” clamp. The 
pulmonary artery was occluded proximally with 
an infant vascular clamp and distally with 2-0 silk 
vessel loops. A longitudinal arteriotomy was 
made on the superior surface of the pulmonary 
artery with a “cataract eye knife” and Potts 
scissors. The subclavian artery was sized for 
length and divided transversely. Then the ves- 
sel was fish-mouthed a short distance by a 1 to 
2 mm incision on its medial aspect as defined 
with the vessel approximated to the. pulmonary 
arterictomy. In the first patient, this point of 
division was made just below the divided first 
branches (thyrocervical) for fear that tension on 
this vessel would produce tenting of the pul- 
monary artery after anastomosis. This shunt 
clotted 12 hours postoperatively; operative re- 
vision demonstrated clot to have begun in the 
recesses of those branches just proximal to the 
anastomosis. Subsequently, the point of final 
divisicn was made proximal to the first 
branches, with satisfactory results. Although it 
may not be wise in everv instance, the vessel 
was probed and would accept a 2.5 mm probe 
with minimal stretching. 

The subclavian pulmonary artery anas- 
tomosis was constructed with interrupted su- 
tures oz 7-0 polypropylene. Optical loupes were 
employed as for coronary artery operation [9]. 
The vessels were brought together by end su- 
tures initially and then by double-ended inter- 
rupted sutures to complete the anastomosis 
posteriorly and then anteriorly. Each suture of 
the posterior row was tied and cut after place- 
ment, but those of the anterior row were tied 
and cut after all were placed. Seven to eight 
sutures were required. 

Following completion of the anastomosis, 
protamine (1 mg/100 U of heparin) was ad- 
ministered slowly while the lung was allowed 
to expand and satisfactory hemostasis was 


*Upjohn Company, Kalamazoo, MI. 


derrdnstrated. The chest was then closed with a 
singe drainage tube. 

T>e presence of a thrill immediately after re- 
leas= of the vessels was not a reliable indicator 
of a satisfactory shunt; the first shunt, which 
required revision, had a marked thrill, whereas 
othe- shunts with satisfactory function had no 
thrill palpable immediately. However, in all 
patients, a satisfactory shunt was associated 


with the development of a new precordial mur-. 


mur—usually systolic but sometimes contin- 
uous—within 12 to 24 hours. l 

Assisted ventilation was continued post- 
opezstively. During the initial 8-hour period, 
PGE infusion was discontinued in decrements 
of or.2-half to one-fourth, with serial blood gas 
determinations. 


Resutts 
Representative results are given in the follow- 
ing c=se reports. 


Pattert 1 

A 2-day-old girl experienced sudden onset of 
shock acidosis, and cyanosis, with intermittent 
bradyzardia. Subsequent to resuscitation and 
assessment, PGE, infusion was begun and 
during a 1-hour period, PaO, rose from 16 to 27 
to 36 mm Hg. This was associated with a re- 
markeble improvement in her appearance. 
Catheterization demonstrated tricuspid atresia, 
a questionable single ventricle, and pulmonary 
stenos_s or atresia. A balloon septostomy was 


done. The patient then underwent a right - 


Blaloc=-Taussig shunt without incident. PaO, 
ranged from 26 to 34 mm Hg during operation, 
with FGE, infusion continued. However, ap- 
proxir ately 12 hours after infusion of PGE, was 
discontinued without incident, rapid onset of 
cyanos:s following an episode of bradycardia 
was ncced and the PaO, had dropped in 1 hour 
to 16mm Hg. With infusion of PGE, it rose to 
30 mm Hg within 20 minutes. A retrograde ar- 
teriogr=m through a right temporal artery cut- 
down =howed occlusion of the Blalock-Taussig 
shunt. Immediate operative revision was then 
carried out without incident. After operation, 
PGE, was discontinued, with PaO, ranging 
from 47 to 54 mm Hg. The patient’s course was 
satisfacory until the third postoperative week. 


A 
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Then laparotomy and small bowel resection 
was required for what appeared to be a post- 
ischemic distal ileal stenosis. Her subsequent 
course has been satisfactory. 


Patient 3 

A 3-day-old girl was seen with intermittent un- 
responsiveness, cyanosis, and metabolic acid- 
osis associated with a PaO, of 18 mm Hg, 
all of which developed suddenly. Subsequent 
to transfer, immediate clinical assessment and 
resuscitation (administration of sodium bicar- 
bonate and intubation) were carried out, and 
intravenous infusion of PGE, was begun at 0.1 
ugikg/min. Twenty minutes following initiation 
of PGE,, the PaO, was noted to be 34 mm Hg. 
Catheterization demonstrated severe pulmo- 
nary stenosis, with doming of the pulmonary 
valve with a pinpoint perforation and a wide 
open pulmonary infundibulum. The patient 
underwent closed pulmonary valvotomy. In the 
operating room it was noted that PaO, had 
risen to 46 mm Hg although the administration 
of PGE, had been discontinued. However, 
within 8 hours of return to the intensive care 
unit, cyanosis and a PaO, of 21 mm Hg were 
evident. The administration of PGE, was 
started again, with a subsequent rise of PaO, to 
32 mm Hg. Repeat right ventricular angiog- 
raphy was then carried out and demonstrated 
complete obliteration of the right ventricular 
infundibulum in systole. The infant underwent 
a right Blalock-Taussig shunt without incident. 
PGE, was continued intraoperatively. The pa- 
tient’s subsequent course was satisfactory, and 
PaO, ranged from 54 to 63 mm Hg without ad- 
ministration of PGE.. 


Patient 4 

A 1-month-old boy was transferred after the 
rapid onset of coma with shock. Initially, a 
diagnosis of sepsis was made and a 12-hour pe- 
riod was required to restore a stable blood pres- 
sure and urine output. PaO, was 32 mm Hg 
initially but fell to 25 mm Hg. Once the diag- 
nosis of congenital heart disease was enter- 
tained, the significance of the disappearance 
of a previously noted systolic murmur was 
realized. Immediate catheterization was carried 
out and demonstrated pD-transposition, ven- 


tricular septal defect, and pulmonary stenosis. 
It also showed failure of PGE,, administered 
intravenously and through an -intraaortic 
catheter, to raise the PaO, or to produce open- 
ing of the ductus arteriosus. A right Blalock- 
Taussig shunt was performed and produced a 
rise in PaO, from 19 to 46 mm Hg. The proce- 
dure was complicated by intermittent brady- 
cardia, acidosis, and hypotension. The pa- 
tient’s postoperative course was complicated 
by a right hemiparesis with only partial recov- 
ery over a 14-month period. 


Data for the remaining patients as well as 
those just described are given in Table 1. To 
date, no infant has required further palliation 
over a follow-up period of 2.5 to 25 months. 
Table 2 contains data on PaO, measured when 
the infant was first seen, following PGE, infu- 
sion (20 to 60 minutes), and after construction 
of the shunt and cessation of PGE, infusion. 
With the exception of 1 patient (Patient 4) per- 
formance of operative procedures was remark- 
ably free from episodes of arrhythmia, hypoxia, 
acidosis, and hypotension. This was true de- 
spite the requirement for multiple procedures 
and prolonged operative times (2 to 3 hours). 
As has been noted, the only instance in which 
intraoperative instability occurred was the pa- 
tient in whom infusion of PGE, failed to pro- 
duce a rise in PaQ,. 


Comment | 
The critical role of the ductus arteriosus in neo- 
nates with cyanotic congenital heart disease 
and the rationale of the Blalock-Taussig shunt 
were originally brought to the attention of 
many by Blalock and Taussig’s [1] classic paper 
in 1945 and confirmed by careful long-term as- 
sessment [11]. The usefulness of this shunt in 
small infants has recently received consider- 
ation in the literature [3, 18], but there re- 
main some differences of opinion regarding 
its immediate and long-term usefulness in 
such patients. We know of 1 infant with 
corrected transposition, ventricular septal de- 
fect, and pulmonary stenosis who required a 
Potts procedure at the age of 3 months, despite 
persistent patency of a Blalock-Taussig shunt, 
because of inadequate improvement in PaQg. 
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Table 1. Data on 6 Infants with Cyanotic Congenital Hecrt Disease 


Approximete 
Duration Balloon 

Patient PGE, Adm-n- Atrial 

No. Lesion Age istration (hr) Septostomy Operation(s) 

1 Tricuspid atresia, 48 hr 24 Yes BTS, revision BTS; 
pulmonary stenosis, delayed small bowel 
questionable single resection 
ventricle 

2 Pulmonary atresia 24 hr 12 No Pulmonary val- 
with intact ven- votomy; immediate 
tricular septum BTS 

3 Pulmonary stenosis 72 hr 48 No Pulmonary val- 

votomy; delayed 
BTS . 

4 Transposition, VSD, 1 mo Ineffective Yes BTS 
pulmonary stenosis : 

5 Tetralogy of Fallot 72 hr 12 No BTS 

6 Corrected transposi- 96 hr 12 No BTS 


tion, VSD, pulmo- 
nary stenosis 


BTS = Blalock-Taussig shunt; VSD = ventricular septal defect. 


Table 2. Measurements of PaO, from 6 Infants 


PaO, after 
PaO, PaO, 20-60 Completion 
when Minutes of BTS and 
First after PGE, Cessation 
Patient Seen Infusion of PGE, 
No. (mm Hg) (mm Hg) (mm Hg) 
1 16? 27 to 36 47 to 54 
16. 30° 
2 18 35 48 
3 187 34 54 
21 325 
4: 25` a 46 
5. oF 39 51 
6. 23 36 48 


"The first figure is PaO, as measured when the infant was 
first seen; the second figure is PaO, after infusion of PGE, 
was discontinued after operation. 

"The second figure is PaQ, after reinstitution of PGE, after 
operation. 


PaO, = partial pressure of arterial oxygen; BTS = Blalock- 
Taussig shunt. 


Whether the immediate and short-term results 
described here will persist can be determined 
only by further follow-up. 

An impressive result of this experience has 
been the short-term advantages of the use of 
PGE, in these infants. The exception (Patient 4) 


is fernaps explained on the basis of an inverse 
releticnship between age and ductal respon- 
siveness to PGE,;. Although the administra- 
tion cf PGE, caused a temperature of 37.2° to 
38.25°L in 2 infants, its use as described caused 
no apparent, serious, untoward effects. In all 
pat.erts there was an increase in urine output 
but not enough to cause concern and not out of 
propertion to an improving cardiac output, 
whick was perhaps due to increased arterial 
ox}gen saturation. In particular, problems with 
corvtlsions, disordered coagulation, and hypo- 
tensicn were notable by their absence. 

The subject of PGE biochemistry and phar- 
maco.ogy has been described in some detail 
[4-6, 8, 13-16, 19, 20, 23]. The properties of 
these compounds relevant here include the fol- 
lewirg: 


1. PGE, and PGE, cause relaxation of the duc- 
tus arteriosus in the neonatal period. They 
heve very short half-lives in the circulation 
(1 to 2 minutes) and are 90% destroyed in 
ore passage through the pulmonary circula- 
tion. 

2. PGE, and PGE, cause relaxation of the con- 
stcicted ductus arteriosus at blood levels 


a 


r 


a 
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below those causing dangerous degrees of 
peripheral vascular vasodilatation. 


3. While PGE, lowers pulmonary vascular re- 


4. 


sistance and PGE, tends to raise it, both 
compounds bring about an increased urine 
output and tend to increase body tempera- 
ture. 

PGE, increases platelet reactivity. 


An intriguing question not addressed in this 


study is whether prolonged administration of 
PGE compounds could produce permanent pa- 
tency of the ductus arteriosus. It has been our 
experience that once a response is obtained, the 
infant’s condition is stable and ductal respon- 
siveness to PGE, is maintained for several 
hours despite considerable manipulation. 
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Classic Shunting Operations as Fart 
of Two-Stage Repair for Tetralogy of Fallot 


Eduardo Arciniegas, M.D., Eugene H. Blackstone, M.D., 
Albert D. Pacifico, M.D., and John W. Kirklin, M.D. 


ABSTRACT One hundred forty-nine consecutive 
patients with tetralogy of Fallot, with or without 
pulmonary atresia, underwent Blalock-Taussig or 
Waterston operation for initial palliation. Of these 
patients, 45 were less than 6 months old, and 63 were 
less than 1 year old. The type of shunt, and the pres- 
ence or absence of pulmonary atresia did not havea 
significant effect (p > 0.2) on hospital mortality. 
Parametric analysis showed a significant effect of 
age (p = 0.03), the risk of hospital death being 6% 
at 1 month of age, 4% at 3 months, 3% at 6 months, 
and 2.5% at 12 months. No late deaths occurred be- 
fore the age of 3 years. Six patients (4.2% of the 
hospital survivors) required another operation be- 
fore they were 3 years old. Severe arm ischemia oc- 
curred after a Blalock-Taussig shunt in 1 infant with 
Down’s syndrome. 


The controversy concerning primary one-stage 
repair versus an initial palliative operation and 
later intracardiac repair in symptomatic infants 
and small children with tetralogy of Fallot has 
not been resolved. A large part of the con- 
troversy relates to the risks and imponderables 
associated with the initial palliative operation. 
Kerr and Barratt-Boyes [7], on the basis of their 
own experience and a review of the literature, 
in 1973 reported hospital mortality to be high, 
reaching 29% in infants less than 1 year old. 
More recently others have found it to be very 
much lower [1, 3, 5, 6, 9, 11], but in most re- 
ports the number of patients with tetralogy of 
Fallot has been too small to allow adequate 
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statistical analysis. The proportion of patients 
requiring a second palliative operation in the 
first fw years after the initial procedure has not 
been carly defined, nor have unfavorable 
sequelae been systematically reviewed. 

We analyzed our experience in 149 patients 
with the classic shunting operations—the 
Blalock-Taussig anastomosis [4] and the 
Waterston anastomosis [14}~in the context of 
their us2 as an initial palliative operation in 
symptomatic infants and small children less 
than 2 years old with tetralogy of Fallot. 


Mater-al and Methods 

At the Children’s Hospital of Michigan, our 
policy is to perform a Blalock-Taussig or 
Waterston anastomosis for all importantly 
symptomatic infants and small children with 
classic te-ralogy of Fallot, with or without con- 
genital pulmonary atresia, and thus to defer the 
intracard-ac repair until the child is 3 to 5 years 
old. Batween January, 1972, and February, 
1978, 11€ consecutive symptomatic patients 
with tetrelogy of Fallot underwent a primary 
shuntirg operation, 71 receiving a Blalock- 
Taussig snunt and 47, a Waterston shunt. Of 
these patients, 90 had tetralogy of Fallot with- 
out pulmcnary atresia, and 28 had this malfor- 
mation wth pulmonary atresia. The patients 
ranged =rcm 1 day to 13 years old (median age, 
14 monchs) at the time of the shunting proce- 
dure. 

To increase the number of patients available 
for analysis, we included the 31 patients with 
tetralogy of Fallot and congenital pulmonary 
atresia who underwent an initial palliative 
shunting operation at the Medical Center of the 
University of Alabama in Birmingham between 
January, 1667, and January, 1978. At the Medi- 
cal Center it is a policy to treat such patients 
when synptomatic in the first few years of life 
with an initial Blalock-Taussig (23 patients) 
or Waterston (8 patients) anastomosis; when 
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symptomatic at an older age, they are some- 
times treated with an initial anastomotic oper- 
ation if right and left pulmonary arteries are 
very small [8]. The age at the time of primary 
shunting ranged between 1 day and 14 years 
(median age, 22 months). Patients with classic 
tetralogy of Fallot but no pulmonary atresia 
were not included in this group from Alabama, 
since they were treated by primary intracardiac 
repair during most of this period. 


Preoperative Studtes 
All patients were studied preoperatively by 
cardiac catheterization and cineangiocardiog- 
raphy. The indications for operation in the in- 
fants and small children were notable hypoxia 
and hypoxic spells, and in the older patients, 
very small left and right pulmonary arteries. 
No systematic method was used for deter- 
mining whether the Blalock-Taussig or Water- 
ston operation should be done. However, in 
both institutions the Waterston anastomosis 
was performed more commonly in the early 
years of the experience and in small patients. 


Technique 

The Blalock-Taussig shunt was performed 
using the subclavian artery on the side opposite 
to the aortic arch. Usually, this meant using the 
subclavian artery coming off the innominate 
artery, although in a few patients the artery 
arose as the fourth branch of the aortic arch and 
crossed to the contralateral side behind the 
esophagus. The subclavian artery was com- 
pletely mobilized, as was the terminal portion 
of the innominate artery and the common 
carotid artery as far distally as possible. After 
transection of the subclavian artery beyond the 
first few branches, the artery was pulled out 
from under the vagus and recurrent laryngeal 
nerves. With rare exceptions, the subclavian 
artery was transected again just proximal to the 
takeoff of its first branch, so that the anas- 
tomosis could be as large as possible. The pul- 
monary artery was mobilized well proximal 
and distal to its first branch. The incision in the 


pulmonary artery was made either transversely — 


to the long axis of the artery and on its cephalad 
side, or longitudinally in the artery. The anas- 
tomosis was made with simple interrupted su- 


tures posteriorly and anteriorly, or with a con- 
tinuous everting mattress or simple suture 
posteriorly and interrupted sutures anteriorly. 
In a very few infants the subclavian artery 
seemed to be unusually large, and pursestring 
sutures were deliberately used, with a continu- 
ous suture to narrow the artery somewhat. 

The Waterston anastomosis was made after 
the azygos vein was divided and after a small 
incision was made in the pericardium behind 
the superior vena cava. The right pulmonary 
artery was well mobilized. A vascular clamp 
was placed so as to occlude the pulmonary ar- 
tery proximally and also exteriorize a portion of 
the ascending aorta. Care was taken that this 
portion of aorta be directly posterior to and 
overlie the right pulmonary artery. To assist in 
obtaining the correct position of the clamp and 
incisions, a fine silk stitch usually was put at 
the correct point for the incision in both the 
aorta and the right pulmonary artery before the 
clamp was placed. The incision in the aorta was 
made about 3 mm long in infants weighing less 
than 4 kg and up to 4 to 5 mm long in chil- 
dren weighing 12 kg or more [3]. The anastomo- 
sis was usually made with a continuous suture 
posteriorly and simple interrupted sutures an- 
teriorly. 

An intraarterial needle usually was not placed 
during or after operation. Optical magnification 
was usually employed in infants and small chil- 
dren. Generally 6-0 or 7-0 monofilament poly- 
propylene sutures were used. The patients were 
not heparinized during or after operation, but 
care was taken to maintain near normal arterial 
blood pressure after the anastomosis was 
opened. Usually the patient was extubated and 
the chest tube removed at the end of operation, 
and every effort was made to keep the post- 
Operative care as simple as possible. Occasion- 
ally, particularly in very young infants under- 
going the Waterston anastomosis, concern 
about the possible development of pulmonary 
edema made continued endotracheal intuba- 
tion advisable for about 24 hours after opera- 
tion. 


Data Analysis 


The analysis of events occurring after the 
shunting procedure (except hospital mortality) 
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Risks of Palliative Classic Shunting for Tetralogy of Fallat (Combined Experience) 


Age at 

Operation No. of 

(mo) Patients No. 

<3 33 3 

=3<6 12 1 

= 6 < 12 18 0 

= 12 < 24 42 2 

= 24 44 0 
Total 149 6 


Hospital Mortality” 
% 70% CL 
4—17 


1-26: 


9 4163, 6% 
8 

0 0-10 

5 

0 

0 


‘CL 3%-11% 
2-11 
0—4 

2,4 —6.4 


‘y = 0.21 for the difference between age < 12 months and age = 12 months. 


considered only those occurring when the pa- 
tient was less than 36 months old. This is be- 
cause this study was made in the context of 
performing intracardiac repair at the age of 
about 3 years if symptoms are present, or at 
about 5 years if symptoms and arterial desat- 
uration are mild. 

The data are presented as proportions, with 
70% confidence limits (CL) [13]. The relation- 
ship of age and other variables to hospital 
mortality was explored using the parametric 
method of multivariate logistic regression [2, 
12]. 


Follow-up 

Follow-up was available for all patients, in 
most instances by repeat visits in our own in- 
stitutions and in the rest by correspondence 
with parents and referring physicians. In some 
patients, definitive repair had been done at the 
time of writing. 


Results 

With regard to hospital mortality, 6 or 4.0% 
(70% CL 2.4%-6.4%) of 149 patients died in the 
hospital after the operation (Table). The pres- 
ence or absence of pulmonary atresia, the use 
of the Blalock-Taussig versus the Waterston 
shunt, or the institution in which the operation 
was done did not have a significant effect (p > 
0.2) on hospital mortality. Therefore, we present 
the data in a combined manner to achieve the 
largest numbers. 

Age at operation could not confidently be re- 
lated to the hospital mortality by nonparamet- 
ric methods (see Table). However, parametric 
analysis showed that age is a determinant of 
the probability of hospital death (Figure). Ac- 


corcing to this analysis, the risk of an initial 
sheating operation for tetralogy of Fallot when 
the irfant is 1 month old is 6% (70% CL 
3%-—9 %); 3 months old, 4% (2%-—7%); 6 months 
old. 3% (2%-6%); and 12 months old, 2.5% 
(1 %e~5%). 

No >atient surviving the early postoperative 
pertod died before the age of 3 years. Six pa- 
tients (4.2%, 70% CL 2.5%-6.7%) among 143 
hosbital survivors required another operation 
befbre they were 3 years old. The proportion 
requiring reoperation was not significantly 
diftarent between those who had a Blalock- 
Taussig operation initially and those who had a 
Waierston anastomosis (p = 0.5). However, the 
reazors for the second operation were different. 
All 3 reoperations (performance of a second 
shunt; in the group of hospital survivors who 
had ar. initial Blalock-Taussig anastomosis were 
for recurrent hypoxia secondary to poorly func- 
ticr.ing shunts. One reoperation was required 
when the infant was 11 months old (9 months 
after the initial operation) ; one, 13 months old 
(10 months after the initial operation); and one, 
32 moaths old (22 months after the initial oper- 
atian) All 3 reoperations in the group of 52 
hospital survivors who had a Waterston shunt 
weze required because of uncontrolled chronic 
cor.zestive heart failure. Reoperation (narrow- 
ing of the anastomosis) was done when the in- 
fants were 3.4 months old (3 months after the 
inital shunting), 11 months old (10 months 
after the initial shunting), and 22 months old 
(12 months after the initial shunting), respec- 
tively. | 

There was one other complication. Severe 
iscaernia of the arm on the side of the Blalock- 
Tacss.g anastomosis occurred in 1 (1.1%, 70% 


«a>. 
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PROBABILITY OF HOSPITAL DEATH 


= 
wa 
a 
) 


AGE (MONTHS 


Parametric analysis of the relation between age at the 
time of the initial shunting procedure and the probabil- 
ity of hospital death. Data are from the combined ex- 
perience of the Children’s Hospital of Michigan and the 
University of Alabama in Birmingham, and are the 
same as those used in constructing the Table. The solid 
line represents the probability, and the broken lines en- 
close the 70% confidence limits. The logistic equa- 
tion is: 
P (death) = 1/0. + exp [2.7 + 0.43 

+ 3.64 + 0.161 - In (age)]) 


where exp is the base of the natural logarithm (In), and 
age is given in months. The significance level of the 
coefficients is as follows: p (intercept) < 0.00001; p 
(age) = 0.03; and r = —0.058. 


CL 0.1%-3.6%) of the 94 patients who had this 
operation. The child had Down’s syndrome. 
Ischemic gangrene did not develop, but the 
patient was left with a moderate contracture 
deformity of the hand. 

We identified no instances of notable pulmo- 
nary vascular disease developing by the time 
the patients were 3 years old. 


Comment 

The dangers of a two-stage approach, as op- 
posed to primary intracardiac repair, for symp- 
tomatic infants and small children with tetral- 
ogy of Fallot, depend on a number of factors. 
One factor is the applicability of the initial 
shunting operation; another is the risks in- 
volved with such an operation; and another is 
the risk of an important event in the interval 





between shunting and the planned intracardiac 
repair between the ages of 3 and 5 years old. 

We have not identified situations in which a 
Blalock-Taussig or Waterston anastomosis can- 
not be done. Functional anastomoses have been 
made to pulmonary arteries as small as 2 mm in 
diameter. Presumably, right or left pulmonary 
arteries so small as to preclude a shunting oper- 
ation occur, but we did not encounter them in 
this experience. Stenosis at the origin of one or 
both pulmonary arteries must restrict the flow 
from the anastomosis to the other lung, but 
does not preclude good palliation from the op- 
eration. Congenital absence of one pulmonary 
artery necessitates serious consideration of al- © 
ternative methods of management. However, it 
does not preclude use of an anastomotic opera- 
tion, and we have successfully performed it in 
several such situations. 

Age at the time of the shunting operation is a 
determinant of risk, but even in patients less 
than 1 month old the operation can be done 
with a hospital mortality of less than 10%. In 
patients 6 months old, the average risk is 3% 
and in infants 12 months old, 2.5%. 

Reoperation before the age of 3 years was re- 
quired in a few patients in this experience (4% 
of those surviving the initial operation). Clearly 
there is need for close follow-up of patients 
between the initial shunting procedure and “he 
final repair. When reoperation is required be- 
fore the age of 3 years, there is the option of 


518 The Annals of Thoracic Surgery Vol 27 No 6 June 197¢ 


doing the intracardiac repair earlier than 
planned, rather than a second palliative opera- 
tion, although that was not done in this experi- 
ence. Even though no instances of death, brain 
abscess, or notable pulmonary vascular disease 
occurred between hospital dismissal after the 
initial shunting procedure and the age of 3 
years, the possibility of occurrence indicates 
the wisdom of proceeding electively with intra- 
cardiac repair as soon after the shunting opera- 
tion as is reasonable. We believe this is be- 
tween 3 and 5 years old. Probably all patients in 
whom a Blalock-Taussig shunt is done have 
smallness of the arm on that side in later life. 
However, it is our impression after seeing 
many young adults who had such operations in 
infancy that the disability from this is mild un- 
less really severe hand and arm ischemia de- 
velops. Although ischemia did develop in 1 
child reported here, it is a rare complication 
[15]. 

Although only a few small differences have 
been demonstrated in this study between the 
results of the Blalock-Taussig shunt and those 
with the Waterston anastomosis, at present we 
advise using the Blalock-Taussig shunt in most 
circumstances if an anastomotic operation is 
elected for an infant or small child with tetral- 
ogy of Fallot. This is primarily because kinking 
of the right pulmonary artery can develop after 
the Waterston anastomosis. Kinking prevents 
perfusion of the contralateral lung and can 
complicate later intracardiac repair. Parenzan 
and co-workers [10] reported this occurrence in 
12 (19%, 70% CL 14%—26%) of 63 patients un- 
dergcing intracardiac repair after having had a 
Waterston shunt earlier in life, and in 33% of 
those in whom the anastomotic operation was 
performed in the first 6 months of life. 
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Right Stellate Ganglion Block for Treatment 
of Hypertension after Cardiopulmonary Bypass 


Henry J. Fee, M.D., John F. Viljoen, M.D., Ramon A. Cukingnan, M.D., 


and Marcos S. Canas, M.D. 


ABSTRACT Right stellate ganglion block was per- 


formed on 24 patients in whom hypertension de- ` 


veloped after cardiopulmonary bypass. Changes in 
blood pressure, central venous pressure, cardiac 
output, and heart rate were evaluated. Most patients 
evidenced a decrease in systolic blood pressure 
(average, 40 mm Hg) and diastolic blood pressure 
(average, 19 mm Hg). Systemic vascular resistance 
was measured in 8 patients, and 7 demonstrated a 
decrease (average reduction, 6.7 resistance units). 
Changes in cardiac output were variable. Although 
stellate ganglion block can be safely performed and, 
in most patients, markedly reduces systolic blood 
pressure, the results suggest that other hypotensive 
agents may be more advantageous in the treatment 
of hypertension subsequent to coronary artery oper- 
ation. 


Hypertension often occurs after cardiopulmo- 
nary bypass operations [6]. Although the con- 
dition is usually moderate and self-limiting, 
it can be responsible for increased postopera- 
tive bleeding, cerebrovascular hemorrhage, and 
elevated myocardial oxygen demands [11, 13, 
16]. While the mechanism of hypertension after 
cardiopulmonary bypass is unknown, several 
studies documented increased systemic vascu- 
lar resistance [8, 11, 14], presumably secondary 
to increased angiotensin II and catechol- 
amines, which become elevated immediately 
after cardiopulmonary bypass and then return 
to normal within 4 to 24 hours [11, 14]. In- 
creased myocardial contractility secondary to 
increased sympathetic tone and circulating cat- 
echolamines might also contribute. Nitroprus- 
side has been used successfully to treat this 
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syndrome but the requirement for continuous 
infusion as well as the constant threat of 
hypotension from drug overdose encouraged us 
to investigate other treatment modalities. Be- 
cause of the observation that stellate ganglion 
stimulation produces hypertension [2], one of 
us (J. F. V.) reasoned that stellate ganglion block 
might be a means of treating this condition 
after cardiopulmonary bypass. Preliminary 
clinical observations [16] were encouraging, 
and, therefore, a prospective trial was under- 
taken. 


Materials and Methods 

Over a six-month period from July, 1976, 
through December, 1976, all patients at UCLA 
Hospital in whom hypertension developed 
within 4 hours after cardiopulmonary bypass 
were studied. An intraarterial catheter was in- 
serted in each patient to monitor blood pres- 
sure, and a balloon thermodilution pulmonary 
artery catheter was inserted in 8. Hypertension 
was defined as systolic blood pressure greater 
than 160 mm Hg and diastolic pressure higher 
than 90 mm Hg, after anxiety, pain, or respi- 
ratory insufficiency had been ruled out as 


causative factors. Twenty-four patients met the 


criteria: 19 after coronary artery bypass, 2 after 
aortic valve replacement, and 3 after mitral 
valve replacement. Blood pressure, cardiac out- 
put by thermodilution when available, and 
central venous pressure were recorded before 
and again thirty minutes after right stellate 
ganglion block. The block was performed with 
10 ml of 0.25 Marcaine (bupivacaine) using the 
paratracheal technique with insertion at Chas- 
saignac’s tubercle on the sixth cervical vertebra 
(2, 6]. Development of Horner’s syndrome 
(ptosis and myosis) was considered objective 
evidence of a successful block. However, some 


patients were still under the influence of g gor) 
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Those patients who did not respond or had only 
a transient effect were subsequently treated 
with nitroprusside. 


Results 
Right stellate ganglion block was used to treat 
24 patients who were hypertensive postopera- 
tively, as just defined. None of them was hy- 
pertensive before operation and none expe- 
rienced undue anxiety or severe pain in the 
recovery room. Of the 24, 21 (88%) evidenced a 
decrease in systolic blood pressure (average, 40 
mm Hg) and 17 (71%) had concomitant but less 
marked decrease in diastolic blood pressure 
(average, 19 mm Hg). As determined by ther- 
modilution, cardiac output was measured in 8 
patients. Three showed an increase, 4 had a 
slight decrease, and 1 was stable. Systemic vas- 
cular resistance was measured in 8 patients, of 
whom 7 demonstrated a reduction (average de- 
crease, 6.7 resistance units). | 

One patient experienced a brachial plexus 
paresis, which lasted for 3 hours, but was fol- 
lowed by full return of function. Two patients 
experienced marked hypertension immediately 
after right stellate ganglion block; although they 
required intravenous vasopressor therapy, both 
recovered without complications. 


Comment 

The occurrence of hypertension subsequent to 
cardiopulmonary bypass has been well docu- 
mented; it affects 50 to 70% of patients after 
coronary artery bypass and 5 to 10% after valve 
replacement [6]. While hypertension after car- 
diopulmonary bypass is usually self-limiting, 
several complications can ensue, including ex- 
acerbated bleeding [16], cerebrovascular hem- 
orrhage, and an adverse ratio of myocardial 
oxygen supply to demand [4]. Current investi- 
gations indicate that this type of hypertension 
is associated with higher systemic vascular re- 
sistance and increased plasma renin, angioten- 
sin II, and catecholamines [11]. The possibility 
of greater myocardial contractility as a con- 
tributing factor has not been investigated. 
Roberts and colleagues [11] identified a high- 
risk group of patients who experience hyperten- 
sion preoperatively or the day before operation, 
preoperative elevated catecholamines, or left 


maiz coronary artery lesions. However, the 
specific reflex mechanism responsible for this 
hyp=rtension has not been identified and con- 
sequently therapy must be nonspecific. . 

Because stellate ganglion stimulation pro- 
duc=s hypertension through some yet unknown 
carc.ovascular sympathetic reflex, one of us 
(J. F- V.) thought that stellate ganglion block 
might interrupt these reflexes and decrease 
systolic blood pressure. Of the 24 patients 
tesi=d, 88% demonstrated reduced systolic 
bload pressure to varying degrees. Although 
several investigators have shown the effects of 
steLate ganglion manipulation on cardiac 
rhyhm, regional myocardial blood flow, ven- 
tric_lar fibrillation threshold, and stress-testing 
elecrocardiogram changes [1, 7, 12, 15], we be- 
lieve we are among the first to use stellate gan- 
glica block to control hypertension. 

Stellate ganglion stimulation has been shown 
in dogs to augment peak systolic pressure and 
to increase the change in pressure with respect 
to time (i.e., rate of rise of left ventricular pres- 
suz=). Although it is more marked with left 
stellate ganglion stimulation, this phenomenon 
haz also been demonstrated with right stellate 
ganglion manipulation [2]. This enhanced 
mvocardial contractility is secondary to stimu- 
lation by postganglionic nerve fibers, which 
traerse from stellate ganglion down the great 
vessels and along the coronary arteries into the 
myocardium [2]. Stimulation causes the release 
of norepinephrine at nerve terminals, which in- 
creases Ca** permeability at the cell membrane 
anc raises cellular cyclic adenosine monophos- 
phzte. Also contributory to increased contrac- 
tility are the decreased systolic time, allowing 
faster ventricular filling, and the potentiated 
atrial contraction secondary to the inotropic ef- 
fed of sympathetic stimulation. Manipulation 
of -he coronary arteries during cardiopulmo- 
na-y bypass can stimulate the adjacent post- 
ganglionic sympathetic fibers and mimic stel- 
lat= ganglion stimulation. This results in the 
co-tractility just described. However, blockage 
of che stellate ganglion by Marcaine can inter- 
ru=t this reflex. 

Decreased systemic vascular resistance ac- 
counted in part for the hypotensive effect of 
right stellate ganglion block; 7 of 8 patients 
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showed some reduction in systemic vascular 
resistance fifteen minutes after the block. De- 
creased systemic vascular resistance after stel- 


Í late ganglion block is related to the loss of sym- 


pathetic tone to vessels of the right upper 
extremity, as confirmed by the higher skin tem- 
perature in the right hand subsequent to the 
block. Nevertheless, in no patient did systemic 
vascular resistance return to normal after right 
stellate ganglion block, and in several the de- 
crease in systemic vascular resistance was only 
minimal. Because stroke volume and heart rate 
did not change consistently and systemic vas- 
cular resistance decreased slightly, the implica- 
tion is that the hypotensive effect is secondary 
to decreased myocardial contractility or in- 
creased compliance of arterial conductance ves- 
sels. 

The two episodes of profound hypotension. 
could have been related to extensive sympa- 
thetic blockage or total spinal anesthesia. This 
complication has been described with stellate 
ganglion block, usually with the posterior or 
lateral approach, but occasionally with the an- 
terior paratracheal technique [7, 9, 10]. As in 
the previous reports, the profound circulatory 
collapse, rapid onset, and complete reversibil- 
ity raise the possibility that Marcaine infiltrated 
the subarachnoid space, presumably secondary 
to injection in a long dural cuff, or it tracked 
along the thoracic and lumbar sympathetic 
chain, causing an extensive sympathectomy [4]. 
Moreover, both patients had been on a regimen 
of high dosages of propranolol before opera- 
tion, and this could have triggered the hypo- 
tensive effect of the stellate ganglion block. 

Several observations during this study lead 
us to the conclusion that stellate ganglion block 
is less than ideal. While the high (88%) re- 
sponse rate to right stellate ganglion block was 
gratifying, the nonresponders (12%) required 
additional therapy and were exposed to the 
risks of hypertension before the stellate gan- 
glion block could be judged ineffective and ni- 
troprusside therapy could be initiated. Profound 
hypotension like that occurring in 2 of our 24 
patients (8%) represents a serious complication 
that carries a substantial risk of cerebrovascular 
accident or myocardial infarction before vaso- 
pressor therapy can be initiated. Cardiac output 


was not improved by stellate ganglion block; 
indeed, it actually decreased in 50% of those 
measured. Thus, the reduction in systemic vas- 
cular resistance was probably associated with a 
concomitant decrease in myocardial contractil- 
ity. Also, because systemic vascular resistance 
remained markedly elevated in most patients 
and because systolic blood pressure did not 
always decrease to the desired levels, the 
degree of improvement in the ratio of diastolic 
pressure—time index to tension-time index seen 
with vasodilator treatment was not experienced 
by stellate ganglion block. 

Nitroprusside seems to offer several advan- 
tages over stellate ganglion block when treating 
hypertension after cardiopulmonary bypass. It 
reduces blood pressure in 100% of patients; its 
effect is dose-related and the desired pressure is 
easily titratable. Hypotension from overdosage 
is transient and readily treated by merely dis- 
continuing the drug. Moreover, cardiac output 
is augmented substantially in depressed hearts 
[5], and systemic vascular resistance and sys- 
tolic blood pressure are reduced considerably, 
thus improving the ratio of diastolic pressure— 
time index to tension-time index [3, 5]. 
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Thousands of clinical procedures 
substantiate measurable advantages 





or the Travenol TMO Membrane Oxygenator 


ince the introduction of the Travenol TMO Membrane Oxyge- 
ator, surgeons have devoted significant effort to clinical 
valuations of this gas exchange device used during cardio- 
ulmonary bypass. Independent teams led by Berry and 
isBakey reported that the TMO oxygenator produced less 
“uma to the blood than bubble oxygenators!? Solis 
redited it with better maintenance of platelet function$ 
ccording to the experience of Heimbecker et al, the unit 
ontributed to lower levels of plasma hemoglobin during 
ypass and higher platelet survival rates. He also reported 
sductions in postoperative bleeding (chest drainage) and 
1e need for banked blood’ Of major significance is the 
vidence submitted by Liddicoat et al verifying that the TMO 
xygenator provided superior performance during cardio- 
ulmonary bypass when compared to bubble oxygenators® 
© The Travenol TMO Membrane Oxygenator provides 
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these advantagesatcosts comparable to bubble oxygenators. 
In addition, gas transfer across the membrane eliminates 
oxygenator-created microbubbles. This method of gas ex- 
change within the TMO Membrane Oxygenator more closely 
resembles that of the normal human lung and will permit 
independent control of oxygen and carbon dioxide transfer. 
The oxygenator is designed to operate at blood flow rates 
up to 6 liters per minute and, under standard test conditions, 
will transfer 300 ml of oxygen per minute. 

Copies of the previously mentioned papers and those 
others listed pertaining to the TMO Membrane Oxygenator 
are available upon request from your Travenol Cardiopul- 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator 
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. the Travenol TMO" 
Membrane Oxygenator.. 


performance you can count on 
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INDICATIONS 

The Travenol TMO Membrane Oxygenator is indicated 
forthe oxygenation of blood and the removal of carbon 
dioxide from it in an extracorporeal circuit during 

total cardiopulmonary bypass at flow rates up to 6 
liters/menute at altitudes not in excess of 2400 feet 
(730 meters) 


CONTRAINDICATIONS 

Selection of patients as candidates for oxygenation is 
totally a medical responsibility and the outcome is 
dependent on many variables, inclucing patient 
pathology and surgical and perfusion procedures 


WARNINGS 
Evaluation of this oxygenator at elevated altitudes 
has shown inadequate outlet partial pressure for total 
bypass (apparently because of lower O> partial 
pressure differences across the membrane). Until 
appropriate modifications are made, use of this device 
at altitudes above 2400 feet (730 meters) is not 
recommended 

In patients who are actively bleeding. medical l 
judgment must be exercised in the use of the device 
Benefits of oxygenation must be weighed against 
risks of total body heparinization Oxygen requirements 
and transfer rates are influenced by many variables 
during perfusion 
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Use of blood suction devices must be lim tec where 
possible. 


PRECAUTIONS 
Adequate heparinization is essential Ifthe oxygenator 
is used in hyperbaric environments, both sides of the 
oxygenator must be referenced to the same pressure 
The gas outlet port should remain open and free of 
any obstructions 

Before using, refer to complete directions 
accompanying the product 
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InterLith-RP The simple response to changing 


rate requirements. 


InterLith-RP’s straightforward rate programming 
system gives you the power to respond to your patients’ 
changing rate requirements simply, safely, and non- 
invasively. Nine programmable pulse rates ranging 
from 51to 120 ppm put the pacing decision where it 
should be: in your hands. 

The uncomplicated InterLith-RP system, available 
with both unipolar and bipolar pacemaker models, lets 
you alter pacemaker rate with a simple Programming 
Wand and Programmer. The rate is incremented in single 
steps from one value to the next bysimply depressing the 
programming button with the Programming Wand over 
the site of the implanted pacemaker. 

The InterLith-RP combines simplicity with 
Intermedics pacemaker reliability to give you control 
and confidence in your heart pacing decisions. 

Simplicity is just one important reason to put your 
confidence in the InterLith-RP 
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crate the Roche AVCO Intra-Aortic 
Balloon Pump correctly. That’s why 
we insist on doing it for you! After 
uncrating, after installation, after 
checkout...your warranty begins. 
Most other companies leave you 
on your own. 


The Roche AVCO IABP has 
a warranty for a full year. 


In addition, service is available for as 

long as you use it. Specially trained 

field service technicians are avail- 
able 24 hours a day, 7 days a week. 
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in the future. 


Our cardiovascular training special- 
ists come to your hospital at a desig- 
nated date at no charge to you and 
instruct your personnel in a formal 
training program: You support your 
patients better, because we support 
you better. Furthermore, within six 
months we will send our cardiovas- 
cular training specialist to participate 
in your first use of the Roche AVCO 
IABP, or conduct a refresher course 
for trained personnel or train new 
personnel in your hospital. Additional 
training courses are available in all 
parts of the country, and special 
sessions can be scheduled as you 
feel necessary for as long as you own 
the equipment. No other company 
we know of works so hard to help 
you help your patients. 
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SPECIMEN is secured 
by aspirating lung or 
pleura into the biopsy 
opening. 


INSTRUMENT TIP DOES NOT 
PENETRATE LUNG. 


KELLOGG BIOPSY INSTRUMENT 
For Obtaining LUNG AND PLEURAL TISSUE tn Ditfuse Disease 


Adequate pulmonary tissue may be obtained at the patient's bedside with a reasonably low 
incidence of pneumo thorax and negligible chance of bleeding. 


This INSTRUMENT is also used to perform a simultaneous thoracentesis and pleural biop- 
Sy. 


When your patient needs an immediate diagnosis in the over 130 types of diffuse lung and 
pleura disease, use the ONLY INSTRUMENT that takes a surface biopsy 8 mm in diameter 
and 3.5 mm in depth. 


FOR MORE INFORMATION CALL OR WRITE: 
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MEDINA ENTERPRISES INC. 
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Nitroprusside and Epinephrine 
for Treatment of Low Output in 
Children after Open-Heart Surgery 


George Benzing M, M.D., James A. Helmsworth, M.D., 
J. Tracy Schreiber, M.D., and Samuel Kaplan, M.D. 


ABSTRACT We evaluated the acute hemodynamic 
effects of treatment of the low output state with 
sodium nitroprusside and epinephrine in 13 children 
after intracardiac operation. The 13 patients were 
selected from a consecutive series of 106 children 
undergoing cardiopulmonary bypass. They had a 
cardiac index less than 2.0 L/min/m?, even after an 
increase in left ventricular filling pressure and dur- 
ing infusion of nitroprusside. Although the nitro- 
prusside brought about a significant increase in car- 
diac output and decrease in systemic vascular resis- 
tance, the cardiac index remained critically low (less 
than 2 L/min/m’). Epinephrine resulted in a further 
significant increase in the cardiac index, without a 
significant change in systemic resistance. This study 
suggests that in selected patients the simultaneous 
use of both a vasodilator drug (sodium nitroprus- 
side) and a positive inotropic agent (epinephrine) is 
advantageous in the short-term treatment of the low 
cardiac output state after intracardiac operation. 


The results of treatment of the low output state 
are frequently disappointing and its manage- 
ment remains controversial. After repair of 
congenital cardiac defects in infants and chil- 
dren, special agents usually are not required to 
maintain an adequate cardiac output. When 
there is mild cardiac impairment postopera- 
tively, increasing left ventricular filling pres- 
sure (preload) by transfusion frequently suf- 
fices to attain an adequate cardiac output [2]. 
When preload has been optimally increased 
without attaining an adequate cardiac output, 
two options are available. An inotropic agent 
can be tried to increase the contractile state of 
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the heart [14] or a vasodilator can be used to 
unload the left ventricle and increase cardiac 
output. In a previous study we chose to use a 
vasodilator first since systemic vascular resis- 
tance in our patients was moderately increased 
after cardiopulmonary bypass, and found that 
infusion of nitroprusside increased the cardiac 
output and survival of the patients [3]. When 
nitroprusside failed to provide an adequate 
cardiac output, a positive inotropic agent also 
was infused to increase contractility while left 


ventricular filling was controlled. 


The purpose of the present study was to 
quantitate the effects of increasing contractility 
by infusion of epinephrine in children whose 
cardiac index was less than 2.0 L/min/m? during 
vasodilation with nitroprusside. 


Materials and Methods 

From a consecutive series of 106 children who 
underwent open-heart operation for repair of 
congenital or rheumatic heart disease, 13 pa- 
tients were selected whose cardiac index was 
less than 2.0 L/min/m? in spite of intravenous 
infusion of sodium nitroprusside. These pa- 
tients (Table 1) ranged from 13 months to 16 
years old and weighed from 7.0 to 50.0 kg. All 
patients were studied in the operating room 
soon after completion of cardiopulmonary by- 
pass. 

The patients were premedicated with one 
or more of the following agents: atropine, 
ketamine hydrochloride, morphine, pentobar- 
bital, and fentanyl. During anesthesia, oxygen, 
nitrous oxide, d-tubocurarine, pancuronium 


_ bromide, or morphine was administered. After 


induction of anesthesia and endotracheal intu- 
bation, the radial or femoral artery was cannu- 
lated for recording of pressure. Intravenous 
lines were inserted for administration of blood, 
drugs, and crystalline solutions. The chest was 
opened by median sternotomy and, after isola- 
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Table 1. Summary of Patient Data 


Weight Age Ischemia 
Patient No. (kg) (mo) Diagnosis Time (min) 
1 7.0 13 AV canal after PA banding 53 
2- 8.4 22 ASD + VED 54; C 
3 12.8 28 Tetralogy of Fallot 26 
4 12.6 32 Tetralogy of Fallot 58; C 
5 14.5 50 Transposition (Mustard) 58; C 
6 15.0 37 InfundibuEr PS 12 
7 15.0 58 Tetralogy c= Fallot 43; C 
8 18.2 82 Tetralogy <2 Fallot 71 
9 20.8 84 Tetralogy ci Fallot (Waterston) 24 
10 25.4 108 Tetralogy ci Fallot 27 
11 35.3 120 Tetralogy at Fallot 90; C 
12 45.0 180 Rheumatic heart disease (AI + MI) 127 
aaan. 
13 | 50.0 192 Mitral valve replacement (acute 72; C 


staphylococcal endocarditis) 


AV = atrioventricular; PA = pulmonary artery; ASD = atrial septal d=fect; VSD = ventricular septal defect; C = hypother- 
mic cardioplegia; PS = pulmonic stenosis; AI = aortic insufficiency MI = mitral insufficiency. 


tion of the great vessels, cardiopulmonary 
bypass was instituted. When intermittent 15- 
minute periods of aortic occlusion were neces- 
sary for better exposure and relaxation of the 
myocardium (6 patients), body temperature 
was lowered to 31°C. In 5 patients, hypothermic 
cardioplegic solutions containing sodium, cal- 
cium, potassium, and magnesium chloride, 
procaine, tromethamine, and glucose were 
used [6, 9]. The average duration of cardio- 
plegia was 55 minutes. A thermistor was inserted 
in the right ventricle to monitor temperature, 
which was controlled between 12° and 20°C by 
coronary infusions and external application of 
4°C saline solution. Body temperature was reg- 
ulated to 26°C during cardioplegia. After the 
completion of cardiac repair, body temperature 
was restored to 37°C before the study was per- 
formed. The pH was in the normal range when 
measurements were obtained, and the arterial 
blood was fully oxygenated. 

After completion of bypass, the aortic can- 
nula was removed and an electromagnetic flow 
probe was placed around the ascending aorta. 
Both caval cannulas were withdrawn from the 
cavae, and one was left in the right atrium for 
transfusion. A left atrial line was inserted, as is 
routinely done for monitoring of left atrial pres- 
sure. 


Arterial pressure, cardiac output, and sys- 
temic vascular resistance were continuously 
displayed on a digital readout, as previously 
described [5]. Blood was transfused from the 
heart-lung machine to raise left atrial pressure 
until 7.o further increase in cardiac output oc- 
currec. with an additional increment of filling 
presst.ze. This was considered the control car- 
diac output. If the cardiac index was less than 
2.0 Limin/m? and the systemic vascular resis- 
tance was more than 30 units, sodium nitro- 
prussize was administered at rates that ranged 
from 1.5 to 10.9 wg/kg/min while left atrial pres- 
sure w=s maintained constant by blood transfu- 
sion from the heart-lung machine. In all 13 chil- 
dren, the cardiac index did not exceed 2.0 L/ 
min/m* when nitroprusside was infused to a 
maxim=l dose. While the infusion of nitroprus- 
side wes continued, epinephrine also was in- 
fused i- a dose of from 0.15 to 0.45 wg/kg/min. 
The raz of infusion of both drugs was in- 
creased slowly until the cardiac index exceeded 
2.0 Licin/m?. The left atrial pressure was 
maintained constant by transfusion of blood 
from th= heart-lung machine. While hemostasis 
was ach-eved, the doses of epinephrine and ni- 
troprusside were maintained and the cardiac 
output was measured continuously. Before 
closing =e chest, the flow probe was removed. 
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Table 2. Summary of Data Obtained after Cardiopulmonary Bypass in Control State, 
during Infusion of Nitroprusside, and during Infusion of Both Nitroprusside and Epinephrine 











Left Atrial 
Arterial Pressure Cardiac Index Systemic Resistance Pressure 
(mm Hg) (Limin/m?) (mm Hg/L/min/m”) (cm H-O) 
Patient NP + NP + NP + NP + 
No. Cont NP EP Cont NP EP Cont NP EP Cont NP EP 
1 90 54 63 1.38 1.9 2.13 62 26 29 16.5 16.0 16.5 
2 83 76 80 0.9 1.69 2.02 87 42 37 20.0 20.0 20.0 
3 64 62 68 1.58 1.93 2.10 37 30 30 18.0 21.0 20.0 
4 85 68 95 1.7 1.98 2.32 47 32 45 20.5 21.0 19.5 
5 84 63 71 1.31 1.71 2.00 60 34 33 18.5 16.5 17.0 
6 93 79 114 1.23 2.00 2.80 72 37 37 19.5 23.8 21.3 
7 83 49 68 1.27 1.72 2.05 61 26 31 21.0 24.5 21.0 
8 81 63 67 1.65 1.77 2.08 46 33 30 23.0 21.0 21.0 
9 58 54 63 1.25 1.90 2.15 41 26 29 16.0 17.5 17.5 
10 72 60 62 1.49 1.90 2.10 45 29 28 18.5 17.5 180 
11 82 65 88 1:23 1.60 2.14 62 37 38 19.5 19.5 18.0 
12 58 53 72 1.37 1.45 2.19 39 34 29 30.0 35.0 29.0 
13 120 73 95 1.5 1.80 2.33 76 37 45 23.0 19.0 19.0 
Mean 81 63 77 1.37 1.79 2.19 57 33 34 20.3 20.9 19.6 
+ $D 16 9 16 0.21 0.16 0.21 15 6 5 © 3.6 4.9 3.2 
EE REEE Ce eae EEE l 
p <0.01 «0.01 <0.01 <0.01 <0.01 NS NS NS 
% Change —22 +22 +31 +22 —42 +4.3 —2.8 +5.2 


Cont = control; NP = nitroprusside; EP = epinephrine; SD = standard deviation; NS = not significant., 


In the intensive care unit, left atrial pressure 
was maintained constant by blood or plasma 
transfusion to the level associated with the 
greatest cardiac output measured by the flow 
probe, as determined in the operating room. 
Epinephrine and nitroprusside were each in- 
creased or decreased, in part based on changes 
in blood pressure. A urinary output of 1.0 ml/ 
kg/hr or more was used as an index of adequate 
blood flow and was a factor considered for the 
regulation of these drugs postoperatively. They 
were gradually tapered as long as urinary out- 
put did not fall. 

The paired Student’s ¢ test was used for 
statistical analysis. Each patient served as his 
own control. 


Results 

After completion of cardiopulmonary bypass, 
the mean value of the maximal attainable car- 
diac index of the 13 patients was 1.37 + 0.21 
L/min/m? at an average systemic vascular resis- 
tance of 56.8 + 15 units (Table 2). After intrave- 


nous infusion of sodium nitroprusside, there 
was a significant (p < 0.01) increase in the car- 
diac index to a mean of 1.79 + 0.16 L/min/m? 
and a significant (p < 0.01) decrease in systemic 
resistance to 33.0 + 5.9 units. The mean in- 
crease in cardiac index was 31% and the mean 
decrease in resistance, 42%. The mean of the 
control mean arterial pressures was decreased 
from 81 + 16.5 mm Hg to a mean value of 63 + 
16.5 mm Hg by infusion of nitroprusside. 
Although other operative patients in this se- 
ries were readily able to generate a cardiac 
index greater than 2.0 L/min/m? with or without 
nitroprusside, the 13 patients required epi- 
nephrine in addition to nitroprusside to attain a 
cardiac index in excess of 2.0 L/min/m*. The 
mean cardiac index during infusion of both 
epinephrine and nitroprusside was 2.19 + 0.21 
Liminim’, which is 22% greater than that ob- 
served after nitroprusside. Systemic resistance 
was not significantly changed. The average 
control left atrial pressure was 20.3 + 3.6 cm 
H:O. During infusion of nitroprusside, the 
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mean left atrial pressure was 20.9 + 4.9 cm H,O 
and during epinephrine infusion, 19.8 + 3.2 cm 
HO. There was no significant change in left 
atrial pressure after infusion of nitroprusside or 
epinephrine. 

The dose of nitroprusside ranged from 1.5 to 
10.9 wg/kg/min in the 13 patients (mean, 5.5 
pglkgimin). The dose of epinephrine ranged 
from 0.15 to 0.45 wg/kg/min (mean, 0.22 ugikgi 
min). Nitroprusside was administered for3 to 72 
hours and epinephrine for 4 to 56 hours. Usu- 
ally both drugs were decreased in dosage 
simultaneously whenever urinary output was 
in excess of 1.0 ml/kg/hr. 

Patient 1 remained stable until 24 hours after 
operation. Then she had a generalized convul- 
sion and focal neurological signs of unex- 
plained origin, and died 20 hours later. The 
cause of death was possibly due to embolus re- 
lated to repair of an atrioventricular canal, but 
low cardiac output from mechanical malfunc- 
tion of the repair valve may have been a con- 
tributing factor. Patient 12, who had chronic 
rheumatic heart disease, was in chronic con- 
gestive heart failure for many months before 
operation and required mitral and aortic valve 
replacement. He died of successive decline in 
cardiac performance 48 hours after operation. 
At postmortem examination there was marked 
fibrosis of the myocardium of the left ventricle. 
Thus, 2 of the 13 patients died after operation. 
The other patients recovered uneventfully after 
nitroprusside and epinephrine were discon- 
tinued. Serum thiocyanate levels were mea- 
sured daily and did not exceed 1.2 mg per 100 
ml in any patient. 


Comment 

The study of Parr and co-workers [18] docu- 
ments the high correlation between low cardiac 
output after intracardiac operation in children 
and early mortality rate. These researchers 
noted that when the cardiac index is less than 
1.0 L/min/m?, between 1.0 and 1.5 L/min/m?, 
and from 1.5 to 2.0 Limin/m’, the “acute cardiac 
death” rates were 100, 40, and 16.7%, respec- 
tively. They considered acute cardiac deaths 
attributable to myocardial insufficiency as 
separate from other identifiable causes of 
death. On the basis of the low cardiac index and 


the work of Parr and colleagues [18], we elected 
to Increase the contractile state of the heart with 
a positive inotropic agent when the cardiac 
index could not be increased above 2.0 L/ 
miam? with infusion of nitroprusside. This 
waz done in the presence of an adequate heart 
rate for age and a left atrial pressure controlled 
ky blood transfusion. 

If the heart rate is satisfactory, the three main 
therapeutic approaches to the low cardiac out- 
put syndrome include elevation of left ven- 
tricular filling pressure, vasodilation, and use 
of a beta-adrenergic drug to improve cardiac 
contractility. Mason [16] stressed the impor- 
tancz of afterload reduction to aid in improve- 
ment of cardiac performance. We described 
previously the results of treatment with vas- 
odilarion for the low output state in children 
after open-heart operation [3]. Since the chil- 
drenin the present study did not respond ade- 
quate_y to vasodilation and persisted with alow 
cardiac index, we elected to increase the con- 
tractile state of the heart. Various beta- 
adrenergic agents have been used by other in- 
vestigators. Rudolph and associates [20] used 
epine-hrine to treat children in congestive fail- 
ure after large left to right shunts. Goldenberg 
and cc_leagues [11] observed a great increase in 
cardiaz output and a fall in systemic vascular 
resistance when epinephrine was administered 
to heakhy subjects. Norepinephrine causes ex- 
cessive vasoconstriction which means that a 
larger cose of nitroprusside is required. Gun- 
nar anc co-workers [13] pointed out the inef- 
fectiveness of isoproterenol. They noted that it 
failed tc improve the condition of 13 patients in 
shock following myocardial infarction. The 
lower mean arterial pressure during infusion of 
isoprote-enol appeared to cause rapid deterio- 
ration. Mueller and associates [17] have sub- 
stantiated the adverse effect of isoproterenol on 
myocardial metabolism. They studied 9 pa- 
tients after open-heart operation and observed 
that iso>roterenol tended to decrease lactate 
consumption of the heart or to increase lactate 
production when present in the control state. 
Truccone and colleagues [24] observed that 3 of 
6 children who had a postoperative cardiac 
index of -2ss than 2.0 L/min/m? after open-heart 
operatior. and who were administered isopro- 
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terenol died. These 3 had no increase in cardiac 
output in response to isoproterenol. In 1978 
Driscoll and associates [8] described their ex- 
perience with the use of dopamine in the treat- 
ment of 24 children in circulatory shock. Eigh- 
teen of 20 patients with congenital heart disease 
were treated after a heart procedure. Seven of 
the 20 patients survived. Although dobutamine 
seems to have many therapeutic advantages 
[19-21] in the treatment of cardiac depression, 
it remains experimental. In 1978, Lewis and 
co-workers [15] measured the circulatory effect 
of dobutamine and isoproterenol in adult pa- 
tients following cardiac operation, and found 
that the increase in heart rate from dobutamine 
was 10 to 15% less than from isoproterenol and 
that dobutamine had less effect on peripheral 
vascular resistance. They concluded that the in- 
crease in cardiac output of both agents was 
more dependent on heart rate than on im- 
proved myocardial contractile state. 

In a comparison of hemodynamic effects of 
inotropic agents, Argenta and associates [1] ob- 
served a significant increase in cardiac output 
when levarterenol and nitroprusside or phen- 
tolamine were administered simultaneously to 
alleviate the low output syndrome in dogs. 

Gooding and colleagues [12] suggested that 
dopamine may not have a specific effect on 
renal vasculature to produce vasodilation. Steen 
and co-workers [22] compared the effects of 
dopamine, dobutamine, and epinephrine in 
seven groups of adult patients. Six of the seven 
groups had a control cardiac index in excess of 
2.1 Limin/m?. Since these researchers selected 
an epinephrine dose of 0.04 ywg/kg/min or 
one-third to one-tenth of the dose we used in 
children and since their initial cardiac index 
was significantly greater than ours, itis difficult 
to compare their results with ours. They ob- 
served a favorable response to all three drugs 
after cardiopulmonary bypass. 

The benefits of the use of vasodilating agents 
in the treatment of low cardiac output state 
have been well documented [3, 7, 10]. When 
high systemic vascular resistance is the domi- 
nant cause of low cardiac output, we have noted 
a dramatic improvement from the infusion of 
sodium nitroprusside. Taylor and colleagues 
[23] observed a marked elevation of plasma 


t 


levels of angiotension H following nonpulsatile 
normothermic cardiopulmonary bypass in 10 
patients who underwent open-heart operation. 
Since we use a pulsatile perfusion pump, these 
effects could not be evaluated in our patients. 
We believe that the increased systemic vascular 
resistance in our patients is due primarily to the 
effects of hypothermia during bypass. No sig- 
nificant change in systemic vascular resistance 
was observed as a result of infusion of epineph- 
rine. 

By using electromagnetic flow probe mea- 
surements of stroke volume in the operating 
room, we are able to detect the low output state 
early after intracardiac operation [4]. When 
therapeutic agents are indicated, their effec- 
tiveness on cardiac output may be continuously 
evaluated by varying the dose. This is espe- 
cially important when a vasodilator and a 
beta-adrenergic agent are used simultaneously 
and the doses are adjusted to obtain the optimal 
effects of each on the circulation. 

Table 2 indicates that the initial mean in- 
crease in cardiac output in our 13 patients in 
response to nitroprusside was 31%. In our pre- 
vious study of patients after intracardiac op- 
eration, there was an average increase of 
76.9% after nitroprusside [3]. Those patients all 
achieved a cardiac index greater than 2.0 L/ 
min/m? and survived. This difference suggests 
that the patients reported on here had more se- 
vere cardiac impairment. 

We do not believe that the performance of a 
control study to substantiate the benefit of ni- 
troprusside or epinephrine or both in children 
with the low cardiac output syndrome can be 
justified morally. Instead, we elected to esti- 
mate the number of expected deaths in our se- 
ries based on the data of Parr and co-workers 
[18]. From the initial cardiac index of our pa- 
tients, we estimated that 5 (39%) would experi- 
ence “acute cardiac death.” With the use of ni- 
troprusside and epinephrine, we noted only 2 
deaths (15.4% mortality). However, we do not 
think that the 2 deaths were “acute cardiac 
deaths,” as described by Parr and co-workers 
[18]. Although our series is small, the use of 
nitroprusside and epinephrine appears to be 
beneficial in the treatment of the low output 
state at this time. The advantages and limita- 
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tions will become more apparent as experience 
with this therapy increases. 
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Echocardiography and Valve 
Replacement in the Critically 


Ill 


Patient with Acute Rheumatic Carditis 
Basil S. Lewis, M.D., Ivor L. Geft, M.B., Simcha Milo, M.D., 


and Mervyn S. Gotsman, F.R.C.P. 


ABSTRACT In 4 critically ill patients with acute 
rheumatic carditis, valve incompetence, and se- 
vere life-threatening cardiac failure, medical treat- 
ment consisting of bedrest, oxygen, digitalis, di- 
uretics, and steroids produced little or no clinical 
improvement. Echocardiography showed that in 
each patient myocardial function was relatively well 
preserved despite active rheumatic carditis and the 
critical clinical state. Emergency valve replacement 
was performed, and a good clinical result was 
achieved in all 4 patients. 


Acute rheumatic fever remains a serious prob- 
lem in many countries. Where socioeconomic 
conditions are poor, where overcrowding is 
common, and where the adequate prevention 
and management of streptococcal infections are 
lacking, many children have severe and recur- 
rent episodes of acute rheumatic fever, often 
with carditis [1, 3, 4, 7, 9, 15-19, 21, 22, 24, 
28]. In some of these children, severe life- 
threatening cardiac failure develops and the 
prognosis is grave. 

Cardiac failure in acute rheumatic fever is the 
consequence of mechanical valvular insuffi- 
ciency or severe myocardial dysfunction. There 
is often an important clinical and therapeutic 
problem: to assess the relative contribution of 
mechanical and myocardial factors in the 
genesis of the critical clinical state of the pa- 
tient. In patients with predominantly mechani- 
cal lesions, timely surgical intervention is life- 
saving. 

During the three-year period 1975 to 1978 we 
recorded echocardiograms in 21 patients with 
acute rheumatic fever. Four of these patients 
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were critically ill with life-threatening cardiac 
failure. They form the basis of this report. 
Echocardiography was invaluable in evaluating 
myocardial performance and defining more 
specifically the underlying hemodynamic ab- 
normality. In each patient left ventricular func- 
tion was good, the mechanical lesion was cor- 
rected by operation, and an excellent clinical 
result was achieved. 


Case Reports 
Patient 1 
A severely ill 17-year-old boy complained of 
weakness, tiredness, and shortness of breath at 
rest (grade IV cardiac disability). On two previ- 
ous admissions for acute rheumatic fever, the 
diagnosis of mitral stenosis and incompetence 
had been made (Table 1). He was ashen faced, 
pyrexial, and short of breath. Pulse rate was 110 
beats per minute and blood pressure, 110/20 
mm Hg. There was moderate to severe left ven- 
tricular enlargement and a marked parasternal 
lift. The clinical diagnosis was severe aortic in- 
competence (not present four years previously) 
and moderate to severe mixed mitral valve 
disease. The electrocardiogram showed sinus 
tachycardia, a P-R interval of 0.16 second, left 
atrial enlargement, and severe left ventricular 
hypertrophy. Chest roentgenogram showed a 
cardiothoracic ratio of 0.65, enlargement of the 
left ventricle and left atrium, and severe pul- 
monary venous hypertension with interstitial 
and intraalveolar edema. The erythrocyte sedi- 
mentation rate (ESR) was markedly increased 
(90 mm in the first hour), the antistrepto- 
lysin O titer (ASOT) was 500 units, and the C- 
reactive protein (CRP) was strongly positive. 
Hemoglobin was 12.2 gm per 100 ml, and the 
white blood cell count was 17,400/mm 3. 
Echocardiography showed a large left ventri- 
cle (Figure) with good systolic function (see ap- 
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Table 1. Clinical Findings in 4 Patients 


Patient Previous 

No., Age Rheumatic 

(yr), Sex Fever Clinical Status 

1. 17, M Yes Moribund; low cardiac output and 
severe cardiac failure 

2. 14, F Yes Moribund; hypotension and severe 
cardiac failure 

3. 13, F Yes Very ill; low cardiac output with 
severe left heart and right heart 
failure 

4. 16, F Yes Very ill; severe cardiac failure 


Cardiac Lesions 


MS, MI; severe AI 


Severe AI, MI; pulmonary hyperten- 
sion 

Severe Al, MI; severe pulmonary 
hypertension, Tl 


Severe MI; pulmonary hyptertension, 
TI 


MS = mitral stenosis; MI = mitral incompetence; AI = aortic inccmpetence; TI = tricuspid incompetence. 


pendix for echocardiographic methods): the 
diastolic diameter (Dd) measured 7.0 cm, the 
percentage change in diameter during systole 
(% AS) was 29%, and the mean velocity of cir- 
cumferential fiber shortening (Ve) was 1.60 cir- 
cumferences per second (Table 2). The mitral 
valve was thickened and the posterior leaflet 
moved anteriorly during diastole. There was 
mild decrease of the diastolic closure rate (ejec- 
tion fraction [EF] slope) of the anterior mitral 
leaflet. The diameter of the left atrium was in- 
creased (5.0 cm). 

Intensive treatment consisting of bedrest, 
oxygen, digitalis, diuretics, and large doses of 
steroids did not improve the rapidly de- 
teriorating clinical state. Blood pressure fell to 
90/30 mm Hg, and extreme shortness of breath 
and an episode of pulmonary edema necessi- 
tated intubation and ventilation with positive 
end-expiratory pressure. Emergency operation 
was performed, and both aortic and mitral 
valves were replaced with Bjérk-Shiley prosthe- 
ses. The operation was uncomplicated and the 
patient’s clinical state improved dramatically. 
Steroid treatment was continued after operation 
in gradually decreasing doses; the postopera- 
tive recovery period was prolonged but un- 
eventful. The excised valves were inflamed and 
fragile. Histological examination of the atrial 
appendage showed the presence of Aschoff 
bodies. 


. Patient 2 
A 14-year-old girl who had rheumatic valvular 
disease was admitted to the hospital in severe 


congestive cardiac failure. Examination re- 
vealed a hypotensive, cyanosed, moribund pa- 
tien: in acute pulmonary edema. She was pyrex- 
ial 138°C). The heart was markedly enlarged 
(both left and right ventricles) on clinical ex- 
amiriation, ECG, and chest roentgenogram. 
Auscultation revealed murmurs of mitral and 
aortic incompetence, and pulmonary valve clo- 
sure was greatly accentuated, indicating severe 
pulmonary arterial hypertension (see Table 1). 
Biochemical tests were compatible with the 
diagnosis of acute rheumatic activity: the ESR 
was 120 mm in the first hour and the ASOT, 800 
units. 

Echocardiography was performed to assess 
left ventricular performance. There was a large 
left ventricle with a slight decrease in systolic 


- myocardial performance (Dd, 6.5 cm; %AS, 


28%; mean Ver, 0.95 circumferences per second) 
(see Table 2). Multiple dense echoes were re- 
corded from the mitral valve. The EF slope was 
120 mm per second. The diameter of the left 
atrium was greatly increased (6.8 cm). The aorta 
was normal in size. The cusps opened well, but 
a douzle echo was recorded from the leaflets in 
diastale. 

The patient was too ill for further investiga- 
tion. She was treated with rest in bed, oxygen, 
digitais, and diuretics and was then adminis- 
tered aspirin and steroids, but there was no 
clinical improvement. Urgent double-valve re- 
placerrent was undertaken. The heart was 
acutely inflamed with vascular adhesions and 
edema of the pericardium. There was great car- 
diac enlargement and severe incompetence of 
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Echocardiogram from Patient 1. (A) Echo recording of 
the left ventricle (LV) at the level of the free edge of the 
mitral leaflets. The LV is greatly enlarged with good 
systolic contraction. The mitral leaflets are thickened 
and the posterior leaflet moves anteriorly at the onset of 
diastole (white arrow). There is fine fluttering of the 
anterior mitral leaflet (black arrow) and also of the in- 
terventricular septum (IVS). (B) M-mode sweep from the 
aorta (Ao) toward the apex of the LV. The LV is greatly 
enlarged and there is moderate enlargement of the left 
atrium (LA). Multiple echoes indicate thickening of 
both mitral valve and aortic valve leaflets. (Dd = dias- 
tolic diameter; Ds = systolic diameter; LVPW = left 
ventricular posterior wall.) 
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the mitral and aortic valves. These were re- 
placed by a 23 mm Bjork-Shiley aortic prosthe- 
sis and a 3M Starr-Edwards mitral ball-valve 
prosthesis. The postoperative course was un- 
eventful. Drugs to treat cardiac failure and acute 
rheumatic fever were continued, and the pa- 
tient made an uneventful recovery. Histological 
examination of the valves showed areas of fi- 
brosis with additional changes of acute in- 
flammation. No biopsy specimens were taken 
from the atrial appendage. 
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Table 2. Echocardiographic Measurements of Left Ventricular Function 


Patient Dd Ds Mean Ver 
No. (cm) (cm) %AS (circ/sec) 

1 7.0 5.0 29 1.60 

2 6.5 4.7 28 0.95 

3 6.9 4.9 29 1.38 

4 5.6 3.3 40 - 1.85 
Normal value 4.4 + 0.4 2.8 + 0.3 37 tA 1.34 + 0.20 


(Mean + 1 SD) 


Dd = diastolic diameter; Ds = systolic diameter; %AS = 
circumferential fiber shortening; SD = standard deviation. 


Patient 3 

A 13-year-old girl was admitted to the hospital 
in severe congestive cardiac failure. On clini- 
cal examination she had a large heart and the 
physical signs of severe aortic and mitral in- 
competence, pulmonary hypertension, and se- 
vere tricuspid incompetence (see Table 1), with 
at wave of 15 cm in the neck veins and a 4 cm 
pulsatile liver. The ESR was 80 mm in the first 
hour and the ASOT, 500 units. ECG and chest 
roentgenogram showed a large heart with en- 
largement of both the left and right ventricles. 
There was severe pulmonary venous congestion 
and interstitial edema. The superior vena cava 
was dilated. | 

Echocardiography showed marked ventricu- 
lar enlargement (Dd, 6.9 cm) with good overall 
left ventricular function (%AS, 29%; mean V,;, 
1.38 circumferences per second) (see Table 2). 
The mitral valve was thickened and additional 
echoes were also recorded from the aortic root 
and leaflets. The diameter of the left atrium was 
6.3 cm. The right ventricle was dilated so that 
tricuspid valve echoes were recorded from a 
large area of the precordium. 

Intensive treatment with bedrest, oxygen, 
digitalis, diuretic, and steroids produced little 
clinical improvement. The patient remained 
extremely tachypneic; sitting up in bed and 
large doses of diuretic failed to produce an ef- 
fect. She was considered too ill for invasive car- 
diac investigation. Emergency operation was 
undertaken. There were inflammatory adhe- 
sions of the pericardium that involved the aor- 
tic root and venae cavae, and severe incompe- 
tence of the mitral, aortic, and tricuspid valves 
was present. The aortic and mitral valves were 


percentage shortening during systole; Ve = velocity of 


replaced with a 21 mm Bjérk-Shiley aortic pros- 
thesis and a 3M Starr-Edwards mitral pros- 
thesis, respectively. Tricuspid annuloplasty 
was performed. The patient made an excellent 
pcstoperative recovery, and steroids were grad- 
ually withdrawn. Histological examination con- 
firmed the presence of active carditis with in- 
flammatory lymphoid infiltration of the valves 
ard left atrial appendage. 


Patient 4 

A 14-year-old girl was admitted in severe 
cardiac failure with active rheumatic carditis. 
P=ysical examination showed the signs of se- 
vere mitral and tricuspid incompetence with 
severe pulmonary hypertension (see Table 1). 
ECG revealed sinus tachycardia, a P-R interval 
ot 0 to 18 seconds, left ventricular and left atrial 
enlargement, and a rightward shift of the mean 
frontal ORS axis. Chest roentgenogram showed 
a large left ventricle, a large left atrium, and 
severe pulmonary venous distention; right 
ventricular enlargement and large proximal 
pulmonary arteries suggested pulmonary hyper- 
tension. The ESR was 70 mm in the first hour; 
the ASOT, 800 units; and the CRP, strongly 
positive. 

Echocardiography confirmed the presence of 
le-t ventricular enlargement (Dd, 5.6 cm). There 
was good systolic contraction (%AS, 41%; mean 
Vr, 1.95 circumferences per second) (see Table 
2). Dense echoes were recorded from the mitral 
velve. The opening point E of the anterior mi- 
tral leaflet was rounded off and the EF slope was 
reduced (55 mm per second). The left atrium 
was very large (5.9 cm in diameter). 

The patient improved slightly after intensive 
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treatment with digitalis, diuretics, and steroids 
but remained seriously ill. Operation was per- 
formed. The epicardium was acutely inflamed 
with edema and congestion. The mitral valve 
was incompetent and was replaced with a 3M 
Starr-Edwards prosthesis. The postoperative 
course was uneventful and steroid treatment 
was gradually withdrawn. Antifailure treat- 
ment was continued, and at the time of writing 
the patient was well. Histology of the atrial ap- 
pendage showed foci of lymphocytes and histio- 
cytes. The valve was thickened with fibrosis 
and new vessel ingrowth. 


Comment 

Valve replacement has transformed the prog- 
nosis for children with chronic rheumatic val- 
vular disease [2, 8, 11, 26, 27]. In such patients 
the major hemodynamic abnormality is me- 
chanical; systolic myocardial performance is 
usually well preserved [10, 13] and the im- 
provement after valve replacement, dramatic. 
The traditional view has been that operation is 
contraindicated in the presence of acute rheu- 
matic fever, although there are a few reports of 
successful valvuloplasty or valve replacement in 
the acute situation, which suggest that a more 
active approach should be adopted in these 
patients [6, 12, 23, 25]. However, the precise 
indications or contraindications to operation in 
the acute situation have not been well defined, 
the major question being the importance of the 
myocardial factor. 

Echocardiography is a simple noninvasive 
technique. It can be performed at the bedside of 
patients who are critically ill, and measurement 
of left ventricular function is relatively simple 
and accurate. For these reasons, echocardiog- 
raphy is ideal for the evaluation of sick patients 
with severe acute rheumatic fever for whom 
the clinical and therapeutic problem is to de- 
termine the relative importance of myocardial 
and mechanical factors. 

Our patients were critically ill in severe 
cardiac failure with low cardiac output and 
failed to respond to a conservative program of 
bedrest, ‘digoxin, diuretics, and anti-inflam- 
matory drugs (including steroids). Previous 
episodes of rheumatic fever had produced 
some degree of established valve disease; then 


another acute attack precipitated severe life- 
threatening cardiac failure. All the patients 
were considered likely to die during the imme- 
diate hospital admission and were too ill for 
invasive cardiac investigation. It is interesting, 
then, that echocardiography showed normal or 
only mildly decreased left ventricular function 
in the 3 patients with mitral and aortic valve 
incompetence and very good function in the 
patient with mitral valve incompetence. These 
data are similar to those recorded in patients 
with valve incompetence who do not have 
acute rheumatic carditis [13, 14], although it is 
possible that treatment with digitalis and ste- 
roids may have improved left ventricular per- 
formance to some extent in our patients. 
Echocardiography showed that the major 
hemodynamic problem was mechanical and 
that valve replacement was life-saving. We 
have been surprised by the absence of impor- 
tant myocardial dysfunction in the patients we 
have seen since all were critically ill or 
moribund and had active rheumatic carditis. 
Schieken and Kerber [20] studied patients with 
acute rheumatic fever and cardiac failure with 
and without additional valve incompetence 
and found some decrease in left ventricular 
function in patients with congestive heart fail- 
ure. Systolic left ventricular function improved 
after treatment with steroids but in their pa- 
tients also (both treated and untreated) the 
decrease in left ventricular performance was 
relatively mild compared with the severe ven- 
tricular dysfunction seen in patients with con- 
gestive cardiomyopathy [5, 20]. 

Patients who are severely ill with acute 
rheumatic fever, carditis, and valve in- 
volvement should be studied in detail. Echo- 
cardiography is valuable as a simple non- 
invasive examination. The myocardial factor 
should be treated vigorously with antifail- 
ure and anti-inflammatory drugs, but in pa- 
tients with major and predominant mechanical 
defects, present in every ill patient we have 
seen, operative intervention is life-saving. The 
long-term problems of valve replacement— 
thromboembolism, anticoagulation, infection, 
hemolysis, and durability of the valve—are real 
in a young patient, but valve replacement to 
correct important mechanical lesions should not 


534 The Annals of Thoracic Surgery Vol 27 No 6 June 1979 


be deferred in the presence of clinically active 
rheumatic carditis if myocardial function is pre- 
served. During the time we have been study- 
ing patients by echocardiography, we have not 
seen a patient with acute rheumatic fever, no 
matter how ill, in whom poor left ventricular 
function has been a limiting factor to cardiac 
operation. The traditional importance of the 
myocardial factor in patients dying of acute 
rheumatic fever may have been overestimated. 


Appendix 

Echocardiograms were recorded with an Ekoline 
20A echocardiograph coupled to a Honeywell 1856 
visicorder or Electronics for Medicine VR-6 photo- 
graphic recorder. A 2.25 MHz focused transducer 
was used, and M-mode sweeps were made in the 
long axis of the ventricle from the standard in- 
terspace along the left sternal edge. Left ventricular 
dimensions were measured at the level of the edge of 
the mitral leaflets: the widest diameter was at end- 
diastole (Dd) and the shortest, end-systolic (Ds). The 
percentage shortening during systole (% AS) was cal- 
culated as follows: 


% AS = (Dd — Ds)/Dd x 100 


The mean velocity of circumferential fiber shortening 
(Ver) was calculated: 


V.s(circlsec) = (Dd — Ds)(Dd x LVET) 


where LVET was the left ventricular ejection time 
(seconds) measured from an external carotid pulse 
tracing. 

Normal values were obtained from 14 teenage 
children referred for evaluation of an innocent sys- 
tolic murmur. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Hilton Palacio Del Rio Hotel, San 
Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
cians except for guest speakers, authors and 
co-authors on the program, and residents. 


Applications for membership should be 
completed by Sept 1, 1979, and forwarded to 
Thomas O. Gentsch, M.D., 1150 NW 14th St, 
Miami, FL 33136. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 


* The Cause of the Hemodynamic Disturbances 
in Ebstein’s Anomaly Based on Observations at Operation 


Will C. Sealy, M.D. 


ABSTRACT Ten adult patients with Ebstein’s 
anomaly had open-heart operation for interruption 
of a Kent bundle. The 4 patients in Group 1 had 
arrhythmias. One patient had a patent foramen 
ovale, which was closed. In 3 patients the Kent 
pathway was identified and interrupted, but in the 
other only the pathway’s anterograde function was 
interrupted, leaving the patient subject to supraven- 
tricular tachycardia (SVT). 

The 3 patients in Group 2 had mild to moderate 
cyanosis and dyspnea during SVT as well as mild 
impairment during strenuous physical activity. Only 
interruption of their Kent bundles and closure of the 
patent foramen ovale were done. 

The 3 patients in Group 3 had dyspnea and 
cyanosis on exertion, and 1 had overt right heart 
failure. In each patient, obstruction between the atri- 
alized right ventricle (RV) and functioning RV by 
the displaced tricuspid valve (TV) was relieved by 
valve excision and replacement. Interruption of the 
Kent bundle was successful in 2 of the 3 patients. 

Operation for Ebstein’s anomaly is indicated when 
any of the following conditions are present: ar- 
rhythmias due to Kent bundles that are refractory to 
medical management; a defect in the atrial septum 
that must be closed because of a history of cyanosis 
or paradoxical emboli, or an arrhythmia that must be 
corrected by right atriotomy; and obstruction be- 
tween the atrialized and functioning RV or a small 
functioning RV, both of which can be corrected by 
TV replacement. 


Controversy still exists as to how tricuspid 
valve (TV) dysplasia and displacement, and 
separation of the right ventricle (RV) into 
atrialized and functioning chambers cause 
symptoms in Ebstein’s anomaly [8, 22, 24, 36]. 
Ebstein’s description [29] in 1866 and his 
deductions concerning the physiological defect 
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caused ty the anomaly were remarkably correct 
[2, 5, 42]. He explained the mechanism as 
tricuspic insufficiency and obstruction be- 
tween tze two RV chambers. Lev and co- 
workers _19] agreed with Ebstein's appraisal. 
Engle [9], Kumar [18], and their colleagues be- 
lieved that RV obstruction was the important 
physiolozical problem. Genton and Blount [10] 
based their explanation of the symptoms on TV 
insufficiency, the size of the functioning RV, 
and a shunt through the atrial septum. Vacca 
and assoc:ates [38] believed that the small func- 
tioning RV was the cause of the problem, and 
Kilby ane colleagues [15] described not only in- 
sufficiency of the TV but moderate stenosis as 
well. They also suggested that in atrial systole 
the large =nterior cusp could be forced into the 
functioning RV, thus further decreasing the 
size of the functioning RV. Schiebler and co- 
workers [28] maintained that first TV stenosis 
occurs, ard later TV insufficiency. Hardy and 
colleagues [12] and Hardy and Roe [13] believed 
that paracoxical motion at the large atrialized 
ventricle was the principal problem, with the 
functional deficit aggravated by TV insuffi- 
ciency. T2y devised an operation that would 
both reduce the size of the atrialized RV to cor- 
rect the pe-adox and make a competent TV by 
an annuloplasty. Bahnson and co-workers [3] 
agreed wich them but did note that some pa- 
tients mig: t not have enough TV to reconstruct 
a sufficient valve. They based this conclusion 
on two hearts observed at postmortem exam- 
ination. Th explanation for TV replacement in 
the patient of Barnard and Schrire [4] was based 
on the premise that the insufficient valve and 
small functioning RV were the causes of 
hemodynamic problems. The same indications 
were used by Lillehei and co-workers [20] in 
their larger group of patients. Other surgeons, 
including Timmis [37], Najafi [23], and their 
colleagues, believed obstruction between the 
two divisicns of the RV was the cause of the 
deficit. The only point of agreement among the 
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Table 1. Clinical Profile 








Patient No., Murmur 

Age (yr), History of ‘Congestive Method of 

Sex Cyanosis Failure Systole Diastole Diagnosis 

GROUP 1 

1. 50, F =- No No No No At operation 

2. 20, M No No Yes Yes At operation 

3. 42, F No No Yes No Echocardiogram 

4. 35, F No No Yes Yes Cardiac catheterization 
GROUP 2 

5. 28, F Yes No Yes No Echocardiogram 

6. 26, M Yes No Yes No Cardiac catheterization 
7. 18, F Yes No Yes No | Cardiac catheterization 
GROUP 3 

8. 36, F Yes No Yes Yes Cardiac catheterization 
9, 18, M Yes Yes Yes Yes Cardiac catheterization 
10. 18, F Yes No Yes Yes Cardiac catheterization 


many observers is that pulmonary blood flow is 
reduced. The uncertainty and frustration con- 
cerning the clinical implication of the various 
abnormalities was stated by Nadas and Fyler 
[22]: “We have no clear cut idea through what 
physiologic mechanism the anatomic abnor- 
mality known as Ebstein’s disease gives rise to 
the clinical picture to be described.” 

In addition to the hemodynamic problems, 
patients with Ebstein’s anomaly may have 
paradoxical arterial emboli due to the fre- 
quently associated patent foramen ovale [6, 18, 
28, 29, 39]. This same defect can cause cyanosis 
that ranges from mild to severe. Paradoxical 


emboli can cause sudden death, but the exact 


incidence is unknown because sudden death 
can be due to a cardiac arrhythmia, another 
cardiac problem frequently associated with 
Ebstein’s anomaly. The rhythm disturbances 


may be caused by a Kent bundle as well as other | 


less well-defined mechanisms. An unknown 
number of patients with Ebstein’s anomaly 
might never have cardiac symptoms. 

Among 115 patients with Kent bundles oper- 
ated on at Duke University Hospital because of 
arrhythmias, 10 patients with Ebstein’s anom- 
aly were found [31]. Six of these patients were 
reported on previously [32]. They afforded an 


opportunity to observe at operation almost the 
full spectrum of the anomaly, ranging from 2 
patients in whom the anomaly was so slight 
that the diagnosis was not suspected to 3 pa- 
tients who required TV replacement. In this 
paper, we report our observations on the sig- 
nificance of the hemodynamic changes caused 
by the various components of the anomaly as 
observed in the adult patient. | 


Material 

The 10 patients were divided into three groups 
(Tables 1, 2), based on their cardiac symptoms. 
All of the patients had reentry supraventricular 
tachycardia (SVT) due to a Kent bundle; and, 


with 1 exception, this was the only reason for 


open-heart operation. 

Group 1 had 4 patients whose only symptoms 
were related to the SVT. In 2 patients the diag- 
nosis of Ebstein’s anomaly was made at opera- 
tion. For 1 of these 2 patients, two cardiac 
catheterizations had been reported as normal. 
Echocardiogram demonstrated TV deformity in 
the third patient and cardiac catheterization in 
the remaining patient. TV insufficiency was 
suggested in 3 of the 4 patients by a systolic 
murmur over the base of the heart. Roent- 
genographic studies in the 4 patients revealed 
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Table 2. Surgical Findings 


Patent FO 

Patient Size RV 
No. (mm) Closed TI Obstr. 
GROUP 1 

1 0 No No 

2 0 am No 

3 0 + No 

4, 0.8 Yes ++ No 
GROUP 2 

5 8 Yes ++ No 

6 8 Yes ++ No 

7 15 Yes +++ No 
GROUP 3 

8 15 Yes t++++ + 

9 8 Yes ++++ +++ 
10 10 Yes ++++ ++++ 


“Anterograde function interrupted. 


Kent Bundle 

Size Replaced 
Atr. R7 Type Division Valve 
Small RFW Yes* No 
Small RFW Yes No 
Small PS Yes No 
Medium RFW Yes No 
Mediun RFW Yes No 
Mediu-n RFW Yes No 
Medium PS Yes No 
Large PS No Yes 
Large RFW Yes Yes 
Large PS Yes Yes 


FO = foramen ovale; TI = tricuspid insufficiency; RV Obstr. = obstruction between the atrialized right ventricle and the 
functioning right ventricle; Atr. RV = atrialized right ventricle; RFW = rigft free wall; PS = posterior septal. 


that all had hearts of normal size. Three 
patients had right free-wall Kent bundles and 
1, a posterior septal Kent bundle. Two of 
the 4 patients had Kent pathways with short 
refractory periods. Thus, the pathway could 
cause arrhythmia that was potentially life 
threatening. 

In each patient, the heart appeared normal 
when the pericardium was opened, and the 
atrialized ventricle could not be identified. How- 
ever, aS soon as cardiopulmonary bypass was 
started, a small atrialized RV was evident in 3 of 
the 4. On opening the RV, the TVs in the pa- 
tients were found to be dysplastic, with the 
septal and posterior cusps displaced towards 
the apex. The anterior cusps in the 3 patients 
were large and attached to the annulus fibrosus. 
The chordae tendineae were long, and the at- 
tachments to the papillary muscles appeared 
normal. In 1 patient the TV was so nearly nor- 
mal and the displacement of the septal and 
- posterior cusps toward the apex so slight that 
the deformity was not appreciated on first in- 
spection. The Kent bundle in this patient was 
found only when it was realized that the an- 


nulus fib-osus was above the attachment of the 
posterior ctsp of the TV. In the 2 patients in 
whom TV’ function was determined by palpa- 
tion thrcagn the atrial appendage before car- 
diopulmanary bypass, mild TV insufficiency 
was present At the acute margin, the atrialized 
RV, as measured from the coronary sulcus to 
the funct.oning RV, was less than 25 mm in the 
4 patients. The functioning RV was large. One 
patient had a small, patent foramen ovale, 
which was closed. Cardiopulmonary bypass 
was easily discontinued in all patients. 

At the irme of writing, 1 patient still has SVT 
due to fe.lure to completely divide the right 
free-wall Kent pathway. It has the capacity to 
conduct r=tregrade and to support reentry SVT. 
However, the loss of the anterograde function 
of the Kent bundle no longer permits atrial 
fibrillatio—-flutter to be conducted 1:1 to the 
ventricle. TEis had caused syncope and was 
a potential, _ife-threatening problem. Another 
patient has a Mahaim fiber that is causing a 
slow reen:ry SVT, controlled by drugs. The re- 
maining 2 patients are well. Follow-up is now 1 
year, 1 vear, 4 years, and 4 years, respectively. 


539 Sealy: Hemodynamic Disturbances in Ebstein’s Anomaly 


Fig 1. Chest roentgenograms from 2 patients, both 18 
years old. (A) (Patient 7.) There is moderate enlarge- 
ment of the heart, with Ebstein's silhouette and some 
decrease in pulmonary vascularity. The patient did not 
require valve replacement after closure of a patent 
foramen ovale although she had tricuspid valve insuffi- 
ciency. (B) (Patient 10.) There is moderate cardiac en- 
largement, with a typical Ebstein's silhouette, and a 
decrease in pulmonary vasculature. After extensive 
dissection to interrupt a posterior septal pathway, 

the patient required tricuspid valve replacement in 
order to be withdrawn from cardiopulmonary 

bypass. 


In the 3 patients in Group 2, the diagnosis of 
Ebstein’s anomaly was made before operation 
by cardiac catheterization in 2 and by echocar- 
diography in 1. During SVT all of the patients 
became cyanotic and mildly dyspneic. They ex- 
perienced minimal restriction in activity when 
free from arrhythmia. 

Roentgenographic examination showed mild 
cardiomegaly with a large right atrium and 
ventricle (Fig 1). The findings of cardiac cath- 
eterization in all 3 showed moderate elevation 
of pressures in the right atrium but normal 
pressures in the functioning RV. All the pa- 
tients had clinical and angiographic evidence 
of tricuspid insufficiency. The patent foramen 
ovale was easily entered. The arterial oxygen 
saturations were normal. Two of the 3 patients 
had a right free-wall pathway and 1, a posterior 
septal one. 

When the pericardium in the Group 2 pa- 
tients was opened, the atrialized RV was obvi- 





ous on inspection. The distance from the coro- 
nary sulcus to the atrialized RV at the acute 
margin of the RV was greater than 25 mm in all 
patients. Paradoxical motion of the atrialized 
RV with atrial contraction was not evident in 
any of them. A foramen ovale type atrial septal 
defect was present in each patient and ranged 
from 8 mm to 15 mm in diameter. The defects 
were closed with interrupted sutures. There 
was free communication between the atrialized 
RV and the functioning RV in each patient. The 
TVs were incompetent, as judged by inspection 
in 1 patient and by digital palpation before car- 
diopulmonary bypass was instituted in 2. The 
sail-like anterior cusps of the TV in the 3 patients 
were attached to the annulus fibrosus. The an- 
terior cusps were very large, had long chordae, 
and free lateral borders. The septal and poste- 
rior cusps of the valves were dysplastic and 
were attached proximally to the ventricle well 
below the annulus, while distally the septal 
ones were attached to the ventricular septum 
and the posterior ones to the ventricular septum 
and right ventricular wall. In each patient the 
muscle of the atrialized RV was thin, but that of 
the functioning RV was normal. An annulus 
fibrosus could be identified in each patient as a 
thin line at the level of the coronary sulcus. The 
Kent bundle was identified and interrupted in 
each patient. 

On weaning from cardiopulmonary bypass 
no problems with maintenance of cardiac out- 
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put were encountered. Approximately six hours 
after operation, the 26-year-old-patient’s arte- 
rial Po, dropped to 60 mm Hg. The small fora- 
men ovale defect, which had been closed with 
two mattress sutures, had opened, as shown by 
dye dilution curve. With a dopamine drip for 
ten hours, the right-to-left shunting was con- 
trolled. Convalescence was uneventful after 
this. 

In addition to the Kent bundle division and 
atrial septal defect closure, Patient 5 had a ven- 
tricular demand pacemaker installed because of 
a sick sinus syndrome. 

On follow-up, the patients are all free from 
symptoms. The patient with an open foramen 
ovale has not noted cyanosis since the opera- 
tion. The periods of follow-up are 1 year, 1 year, 
and 2 years, respectively. 

All of the 3 patients in Group 3 had a history 
of mild cyanosis and moderate restriction in 
physical activity when the SVT was not present. 
However, when it was present, marked distress 
occurred, accompanied by cyanosis. One pa- 
tient had right side cardiac failure with an en- 
larged liver and edema of the lower extremities. 
The Kent bundle in 2 patients was in the poste- 
rior septal area and in the other, in the right 
free-wall area. The latter pathway would only 
function retrograde. Patient 10 had had syn- 
copal episodes caused by the extremely rapid 
ventricular rate that responded to atrial flutter 
beat for beat. Details of the finding at operation 
are outlined in the 3 patients. All had car- 
diomegaly by roentgenographic study, and 2 of 
the 3 had marked enlargement. 

Following an attempt to divide the posterior 
septal pathway in Patient 8, the arterial Po, 
dropped below 40 mm Hg after cardiopulmo- 
nary bypass had been stopped. The patient was 
then put back on bypass. After a more careful 
examination of the atrialized RV, three com- 
munications of less than 7 mm in diameter were 
found to connect the atrialized RV and the 
functioning RV. The anterior cusp was large 
and continuous with the lateral ventricular wall 
to the RV apex. The chordae tendineae on the 
medial aspect of the anterior cusp were short 
and attached to the septum and the RV outflow 
area, making the three small openings into the 
functioning RV. This also effectively reduced 


the size of the functioning RV. The septal and 
posterior leaflets were difficult to identify. After 
valve excision, a Starr-Edwards valve was 
placed in the ostium of the RV, with the suture 
line following the annulus fibrosus except in 
the septal area. There, the sutures were inserted 
above the coronary sinus, diverting the coro- 
nary sinus flow into the RV, thus avoiding the 
atrioventricular node and the His bundle. The 
large atrialized RV was not decreased in size. In 
spite of division of the right atrial wall above 
the annulus fibrosus beginning at the anterior 
lip of the coronary sinus and ending at the RV 
free wall, the posterior septal Kent bundle was 
missed. (The patient was number 17 in our se- 
ries of 115 patients having operation for Kent 
bundle interruption.) However, a dissection of 
the fat from the superior aspect of the ventricu- 
lar septum, the posterior superior process of the 
left ventricle, and left atrium was not done, as is 
now the practice. The patient still has preexci- 
tation and episodes of SVT. She is much im- 
proved and tolerates the SVT much better now 
than before operation. She is no longer cya- 
notic. She has been followed for 5 years 
since the valve replacement. 

In Patient 10, an attempt to stop cardiopul- 
monary bypass was not successful following 
interruption of a posterior septal pathway. On 
reexamination of the right atrium and ventricle, 
she was found to have marked obstruction be- 
tween the large atrialized and functioning RV. 
The anterior leaf of the TV was attached to the 
lateral RV wall down to the apex as well as to 
the anterior RV wall and ventricular septum, 
leaving only two openings between the inflow 
and outflow of the RV, both of which would 
admit only a number 18F catheter (Fig 2). Al- 
though an annulus fibrosus was present at the 
coronary sulcus level, the medial and posterior 
cusps of the TV originated low in the ventricle 
and were rudimentary and adherent to the 
septum and RV wall. Following excision of the 
TV, a porcine valve was sutured in place, as 
shown in Figure 3. This patient’s operation was 
extensive due to the location of the Kent path- 
way and required both a right and left atri- 
otomy. She recovered satisfactorily and is 
now free from symptoms nine months after 
operation. 


a 
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Fig 2. (A) The open right atrium and the right ventricle 
of a heart with Ebstein's anomaly. The external aspect 
of the intact sail-like anterior leaflet of the tricuspid 
valve (ALTV) is shown but the anterior portion of the 
right ventricle has been cut away. Above the ALTV is 
the small functioning right ventricle (FRV). (B) The 
ALTV has been retracted anteriorly showing two small 
openings made by the attachment of the ALTV to the 
right ventricle and the septum. These two apertures 
were the only communications between the large atri- 
alized right ventricle and the very small FRV. Findings 
similar to these were present in 3 of the 10 patienis in 
this series, all of whom had to have tricuspid valve re- 
placement. (AF = annulus fibrosus.) 


Patient 9 had a Kent bundle in the right free 
wall that would conduct only retrograde. He 
was markedly disabled because of severe right 
heart failure accompanied by cyanosis. A valve 
replacement was planned before operation. The 
TV was almost exactly like that seen in Patient 
10, also 18 years old. The large, sail-like anterior 
cusp effectively obstructed the communication 
between the atrialized and functioning RV and 
made the functioning RV small. The valve was 
attached to the lateral border of the RV, to the 
ventricular septum and to the infundibulum of 
the RV by short chordae tendineae, leaving 
multiple small openings in the TV as the only 
entrance into the functioning RV from the 
atrialized RV. Although paradoxical motion was 
noted in the extremely large atrialized RV, no 
attempt was made to reduce the size of the 


atrialized RV by a plastic procedure. A porcine 
valve was sutured in place at the level of the 
annulus fibrosus except in one septal area 
where the suture line was placed above the 
coronary sinus. The large atrial septal defect 
was closed. The patient’s postoperative course 
was uneventful. Two and one-half years after 
operation he is back to nearly full activity. 


Comment 

This series of 10 patients with Ebstein’s anom- 
aly has demonstrated the clinical spectrum of 
the disorder in the adult. In the 4 patients in 
Group 1, the problem with the heart was the 
arrhythmia, although 3 had mild TV insuffi- 
ciency. The patients in Group 2, all of whom 
had TV insufficiency and moderate-size atri- 
alized right ventricles, did well following clo- 
sure of the atrial septal defects and correction of 
the arrhythmias. On the other hand, the 3 pa- 
tients in Group 3, each with a large atrialized 
RV, obstruction between the atrialized RV and 
the functioning RV, and a small functioning 
RV, had to have a valve replacement in order to 
be withdrawn from cardiopulmonary bypass. 
Thus, the problem in the adults in this series 
that made valve replacement necessary was 
clearly demonstrated obstruction between two 
components of the RV and the small function- 
ing RV. In these patients, no attempts were 
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Fig 3. (A) The atrialized right ventricle (ARV) and the 
functioning right ventricle (FRV) after removal of the 
entire tricuspid valve (TV). A porcine valve is being in- 
serted with the sutures being placed above the coronary 
sinus (CS) to protect the atrioventricular node (AVN), 
which is shown just superior and posterior to the right 
fibrous trigone (RFT). (B) The suture line follows the 
annulus fibrosus (AF), thereby ensuring an adequate 
size FRV and does not follow the proximal attachment 
of the valve. No attempt is made to decrease the size of 
the right ventricle or to excise any of the atrialized por- 
tion of the right ventricle. 


made to reduce the size of the atrialized RV; 
and, in fact, the valve was sutured to the an- 
nulus fibrosus so as to avoid encroachment on 
the volume of the functioning RV. 

Although TV insufficiency did not cause 
marked symptoms in the Group 2 patients, it 
would not be correct to say it could not be the 
cause of trouble in patients with Ebstein’s 
anomaly. However, an exact definition of its 
role is difficult, for not only is it hard to quan- 
titate preoperatively, but its evaluation at the 
time of operation and after a plastic procedure 
for valve repair is very inexact. This is caused 





by the large size of the atrium and atrialized RV 
that e<fectively lowers the pressures in the right 
atrium and atrialized RV and masks pressure 
gradients [9, 10, 22, 24, 28]. There are reports of 
TV excision without valve replacement in pa- 
tients with normal pulmonary vascular resis- 
tance followed by very little physiological def- 
icit [1, 25, 34]. Patients with Ebstein’s anomaly 
without other congenital lesions have a low re- 
sistance pulmonary vascular bed; and, provid- 
ing there is no block between the two divisions 
of the RV and providing the functioning RV is 
an adequate size, an insufficient TV should 
cause very few, if any, cardiac symptoms. On 
the otrer hand, the increased pulmonary resis- 
tance in the infant with Ebstein’s anomaly [18, 
28, 35, 39] could make the TV insufficiency 
poorly tolerated and thus explain why some 
patients have symptoms in the first 2 years 
of life Lut show almost none later in childhood. 
A correction of right-to-left shunting by clo- 
sure of the atrial septal defect could explain 
some 27 the good results that are attributed to 
complete or partial restoration of TV function 
by a plastic procedure [3, 12, 13, 21, 39]. 

The role of the atrialized RV in causing car- 
diac dysfunction is likewise not clearly estab- 
lished. The measurements of the effect of 
paradoxical motion of the atrialized RV on pul- 
monary blood flow, considered important by 
Hardy and co-workers [12, 13], is hard to assess 
by clinizal means. The expansion of the atri- 
alized EV in atrial systole may only mean 
obstruction between the atrialized and func- 
tioning RV, or a small-size functioning RV. The 
large, th:n atrialized RV may be the result of the 
obstruction distal to it as much as to the con- 
genital cysplasia of the myocardium. The sec- 
ond component of the RV deformity, the small 
functionmg RV, is likely more important in 
causing symptoms than the atrialized RV. A 
small functioning RV that cannot accept the 
right atrial and atrialized RV volume would be, 
in fact, RV obstruction and would cause di- 
minished pulmonary blood flow. The large an- 
terior cusp of the valve can also be forced into 
the functconing RV during atrial systole, inter- 
fering wich its filling in this way. The surgeon, 
when carrying out plastic operations to de- 
crease the size of the atrialized RV, should be 
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Table 3. Valve Replacement in Ebstein’s Anomaly: Individual Reports from Other Clinics 








Age No. of RV Plastic Tissue Mechan- Heart No. of 
(yr) Patients Procedure Valve ical Valve Block Survivors 
1-5 3 0 1 2 0 1 
6-15 15 4 8 7 4 3 
16-25 13 7 3 10 1 11 
26+ 3 0 1 2 0 3 
Total 34 11 13 21 5 184 





“From one clinic, 4 of 5 patients died. 
RV = right ventricle. 


Table 4. Plastic Procedures Done for Ebstein’s Anomaly: Individual Reports from Other Clinics 


Age No. of RV Plastic 
(yr) Patients Procedure ASD? 
1-5 3 3 3 
6-15 5 5 5 
16-25 8 6 4 
26+ 2 2 1 
Total 18 16 13/15 


*This information not recorded in 3 patients. 
RV = right ventricle; ASD = atrial septal defect. 


Table 5. Watson’s Survey of Valve 
Replacement in Ebstein's Anomaly [39] 


Age No. of No. of 
(yr) Patients Survivors 
1-5 5 1 
6-15 ub 6 
16-34 15 10 
Total 31 17 


careful to not reduce further the volume of the 
functioning RV. 

In general, the reports of the surgical results 
in Ebstein’s anomaly have been favorable (Ta- 
bles 3, 4) [3, 4, 6, 7, 11-14, 16, 17, 20, 21, 26-28, 
30, 33], although the indications and types of 
operation have varied. When recorded by indi- 
vidual reports from surgeons, valve replace- 
ment resulted in 16 deaths in 34 operations (see 


Table 3). Four of these. deaths were from one ` 


institution, where there was’ only “Í survivor 
among 5 patients [21]. In an international sur- 
vey with a questionnaire by Watson [39] in 1974 
(Table 5), the experience with any type of oper- 


ASD Heart No. of 
Closed Block? Survivors 
3 1 2 
5 1 1 
4 3 7 
1 0 1 
13 5/15 11 


ation was reported as not being favorable. In 
patients less than 15 years old who had valve 
replacement, there were 7 survivors among 16 
patients, while in those more than 15 years old, 
there were 10 survivors among 15 patients. 
When the operation for Ebstein's anomaly 
consists of a plastic procedure for restoration of 
valve function and reduction in size of the atri- 
alized RV, the reported results have also var- 
ied (see Table 4). In the series of plastic opera- 
tions done in patients more than 16 years old 
reported from single institutions, there were 2 
deaths in 10 patients; while in patients from 6 
to 15 years old, there were 4 deaths following 
operation in 5 patients. Thirteen patients had 
closure of the atrial septal defect. The results in 
the survivors were recorded as clinical im- 
provement. The one institution with the high- 


. est mortality from valve replacement reported 


good results from the plastic procedure on the 
valve and atrialized RV [21]. 

The results of medical, expectant, or no 
treatment also influence the decision concern- 
ing the need for operation. Watson [39] pointed 
out that of 505 patients reported to him, 15.2% 


544 The Annals of Thoracic Surgery Vol 27 No 6 June 197S 


died natural deaths, with 45.7% of those less 
than 1 year old dying of the disease within a 
year. In the series of Kumar and colleagues [18], 
of 55 patients followed 10 years or more, the 
median survival period was 13 years. In 30 
patients observed from birth to 5 years old and 
whe did not have an associated cardiac anom- 
aly, 21 patients lived to 2 years of age, while 
only 15 lived to 13 years of age. In this series 
of Kumar and co-workers, the prognosis was 
influenced by the presence of congestive 
heart failure, for 12 of 13 patients with this 
problem died, with only 1 living for 4 years. 
Cyanosis, moderate and severe, was associated 
with a 21% and 60% 8-year survival, respec- 
tively, in contrast to a 94% 8-year survival in 
the noncyanotic patients. Moderate enlarge- 
ment of the heart was present in 35% of the 
patients, but with marked enlargement the 
mortality was 73%. These figures show that the 
disease can, in early life, carry a high risk. How- 
ever, in older patients the risk is not as great as 
shown in 7 of the 10 patients included in this 
report, some of whom had closure of the atrial 
septal defect. Six of the 7 had correction and 1, 
partial correction of arrhythmias, but the atri- 
alized RV and the TV were left undisturbed. 
Selection for operation of patients with Eb- 
stein’s anomaly who do not have rhythm prob- 
lems should be determined by symptoms and 
physical examination rather than by demon- 
stration of the anomaly by cardiac catheteriza- 
tion and other laboratory studies. 

This account of the experience with 10 pa- 
tients with Ebstein’s anomaly as well as the re- 
view of the experience of others has led us to 
consider the following as indications for opera- 
tion: | 


1. Arrhythmias due to a Kent bundle can be 


successfully treated. Other arrhythmias of 
atrial and ventricular origin might also be 
found to be amenable to surgical correction 
as more precise electrophysiological studies 
become available. Arrhythmias due to a 
Kent bundle can cause death in some pa- 
tients and in others, disability. 

2. A patent foramen ovale or an atrial septal 
defect can be the cause of cyanosis and dis- 
ability and can serve as a conduit for 


Daradoxical embolization, although not all 
patients with Ebstein’s anomaly have a pa- 
tent atrial septum. If there is no RV obstruc- 
tion by the TV and the functioning RV is . 
Jarge, the defect alone can be closed even 
when the TV insufficiency and a large atri- 
alized RV are left undisturbed. 

. Marked hemodynamic symptoms only occur 
when there is obstruction between the atri- 
alized RV and the functioning RV or when 
there is a small functioning RV, based on the 
experience reported here. Removal of the TV 
and its replacement at the level of the an- 
nulus fibrosus removes the obstruction and 
ensures an adequate-sized, functioning RV. 
Plastic operations on the TV and atrialized 
RV are of dubious value in improving car- 
diac function. 


tf) 


The surgical procedure used for the patients 
needing valve replacement is similar to that de- 
scribed by Barnard and Schrire [4]. The suture 
line for valve insertion avoids injury to the His 
bundle by placing the sutures above the coro- 
nary sinus in the atrial septal area. Coronary 
sinus return flow is diverted into the RV. Once 
the suture line reaches the free wall of the RV, it 
then follows the true annulus fibrosus. This 
method of valve replacement maintains the 
volume of the functioning RV. At present, a 
preserved porcine aortic valve is preferred to a 
mechanical one for valve replacement. 


Adcendum | 

Two additional patients with Ebstein’s anomaly and 
a Kent bundle have been operated upon since sub- 
mission of this paper. One patient, a 10-year-old 
boy, had corrected transposition with the deformity 
in the systemic arterial ventricle.’ At operation, a 
ventzicular septal defect was repaired, the insuffi- 
cient TV was replaced, and a free-wall Kent bundle 
was divided. The second patient, a 33-year-old 
woran, had an intact atrial septum and an 8 mm 
communication between the atrialized and func- 
tioning RV. She had a valve replacement and divi- 
sion of a right free-wall Kent bundle. Both patients 
have done well. | 
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Notice from the American Board of Thoracic Surgerr 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1979 only, the two parts of the examination 
were given together. The time and place was 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


will be necessary to pass the written examina- 


. tior before the oral examination can be taken. 


The closing date for registration is August 1, 
1979. The exact times and places of these ex- 
aminations will be announced later. 

Pease address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 
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Ventricular Function and the 
Circulation Five Years 
_after Myocardial Revascularization 
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George C. Kaiser, M.D., Hendrick B. Barner, M.D., 
John E. Codd, M.D., and Vallee L. Willman, M.D. 


ABSTRACT Of 531 patients who underwent coro- 
nary artery bypass grafting during 1970 to 1973, 181 
were restudied by ventriculography and by graft and 
coronary angiography at least 5 years following op- 
eration. Five patterns of postoperative ventricular 
function were identified: improved ventricular 
function resulting in normal left ventricular (LV) 
function; normal ventricular function that was 
unchanged; abnormal ventricular function that im- 
proved but did not reach normal; abnormal ven- 
tricular function that remained unchanged; and de- 
terioration of LV function. Patients who regained 
(40) and those who retained normal ventricular 
function (49) comprise 49% of the series and patients 
with deterioration of ventricular function, only 20%. 
Graft patency and angina relief were significantly 
better in those with normal LV function than in 
those with LV deterioration. Progression of disease 
in grafted coronary arteries was similar in all groups, 
but was significantly higher in ungrafted coronary 
arteries (61.3%) in the patients showing deteriora- 
tion than in either the improved patients or those 
with an unchanged normal LV (33.3% each) (p < 
0.05). The high incidence of progression of disease 


_in ungrafted coronary arteries in the group with de- | 


terioration suggests that low graft patency and de- 
terioration of ventricular function in this group 
might both be related to intrinsic acceleration of 
coronary atherosclerosis unrelated to operative in- 
tervention. 


Symptomatic relief of angina pectoris following 
coronary artery bypass grafting (CABG) has 
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been reproducibly demonstrated by several in- 
vestigators [6, 13, 21], but objective, measurable 
benefits of CABG are less well documented. Re- 
cent reports have suggested increased longevity 
following CABG and have identified standards 
of operative mortality and graft patency rates 
which can be achieved at most surgical centers 
(13, 15, 22]. In addition, data are now available 
showing low rates of perioperative [3] and late 
myocardial infarction in CABG patients [23]. 
The long-term effects of CABG on left ventricu- 
lar (LV) function and on the native coronary 
circulation are among the factors requiring 
further evaluation. The purpose of this report is 
to examine LV function and changes in the na- 
tive coronary circulation in a large group of pa- 
tients undergoing follow-up studies at least 5 
years following CABG. 


Materials and Methods 

Isolated CABG was performed in 531 patients at 
Saint Louis University Hospital between 1970 
and 1973 (excluding patients undergoing 
concomitant valve replacement. or ventricular 
aneurysmectomy or both). Follow-up cardiac 
catheterization was performed at least 5 years 
following CABG in 181 patients. An additional 
197 patients (Table 1) refused follow-up angio- 
graphic study because of either physician or 
personal preference. Other reasons for lack of 
follow-up are enumerated in Table 1. 

Left ventriculography, coronary arteriog- 
raphy, and bypass graft visualization were 
performed by the Judkins technique [12]. LV 
function was assessed by evaluating segmental 
wall motion of five specified ventricular seg- 
ments viewed in the right anterior oblique 
projection of the left ventriculogram and by 
evaluating the overall ejection fraction [9]. 
Multiple views of the native coronary arteries 
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Table 1. Status of 531 Patients Undergoing - 
Coronary Artery Bypass Operation, 1970 to 1973 


No. of 
Status Patients (%) 
Unavailable 
Lost to follow-up 27 (5.1) 
Operative death 21 (3.9) 
Late death (before 5-year 53 (9.9) 
catheterization) 
No 5-year follow-up angiogram 
Technical and miscellaneous dif- 21 (3.9) 
ficulties 
Refusal of study by patients or 197 (37.1) 
physicians 
All grafts occluded on previous 31 (5.8) 
study 
Follow-up angiogram at 5 or more 181 (34.1) 


years 





and bypass grafts were obtained and evaluated 
in all patients. Ventricular function and the na- 
tive coronary arteries at 5 years or more after 
operation were compared with findings of the 
study performed before operation. 

Progression of atherosclerotic narrowing in 
the native coronary circulation was assessed by 
two observers comparing multiple views of the 
coronary arteries in the preoperative and 5-year 
postoperative studies. Any increase in luminal 
narrowing of 10% or more or development of a 
new stenosis of 50% or more was considered 
significant progression. 

If all major coronary arteries with a stenosis 
of 50% or more were grafted, the patient was 
judged to be completely revascularized at oper- 
ation. 

Risk factors and perioperative or late myo- 
cardial infarction were assessed by criteria pre- 
viously described [22]. Statistical analysis was 
performed with chi-square testing. 


Results 

Ventricular Function 

Five patterns of ventricular function were iden- 
tified among the 181 patients studied at least 
five years following CABG: improvement ‘re- 
sulting in normal LV function, normal ven- 
tricular function that was unchanged, abnormal 
ventricular function that improved but did not 


reach normal, abnormal ventricular function 
thet remained unchanged, and deterioration of 
LV function. Among these five groups, the only 
significant differences in risk factors are found 
in zhe incidence of previous myocardial infarc- i 
tion (MI) and in sex distribution (Table 2). 
There was a significantly (p < 0.05) higher in- 
cic2nce of previous MI in those patients with 
abnormal postoperative LV function, whether 
unchanged, improved, or worse than in those 
with normal postoperative ventricular function. 
Arrong the 20 women evaluated, 16 had normal 
LV function preoperatively, which limited the 
available postoperative category to normal ven- 
tricular function that was unchanged or deterio- 
ration of LV function. 


Angina Relief versus Ventricular Function 
Continued relief of angina pectoris was high in 
all groups but was best in the groups that had 
improvement resulting in normal LV function 
or Fad normal ventricular function that was un- 
changed (Table 3). In these two groups, 78% 
and 72% of patients, respectively, had complete 
relief of angina (Canadian Heart Association 
Angina Class 0 [7]). Complete relief of angina 
pec-oris in these two groups was significantly 
better than in the other three categories of ven- 
tricular function (p < 0.001). The degree of an- 
gina relief in those patients refusing restudy at 
5 years or more is comparable to that found in 
those who had late angiography (Table 4). 


Perioperative and Late MI l 
No difference was noted in the incidence of 
perioperative MI among the five groups, but a 
significantly higher rate of late MI was noted in 
the zroup showing deterioration (Table 5). 


Grajt Patency versus Ventricular Function 

and Angina Relief 

Striking differences were noted in graft patency 
among the five groups. The groups with normal 
ventricular function that was unchanged, with 
improvement resulting in normal LV function, 
and with improvement but still abnormal LV 
function all had significantly higher graft pa- 
tency rates at 5 years after CABG than the group 
with abnormal ventricular function that did not 
change or the group that deteriorated (Table 6). 
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Table 2. Postoperative Ventricular Function (25 Years) 
and Patient Population Characteristics in 181 Patients 


An Ventricular Function 
i IMP- SAME- IMP- SAME- 
Factor NLV NLV ALV ALV WORSE p Value 
No. of patients (%) 40 (22.1) 49 (27.1) 27 (14.9) 30 (16.6) 35 (19.3) a 
No. of grafts/patient 22 1.9 2.3 2.3 2.2 NS 
Mean age (yr) 49.2 50.1 51.2 50.1 48.9 NS 
No. of women (%) 0 13 (26.5) 1 (3.7) 1 (3.3) ~~ 5 (14.3) See text 
Hypertension (%) 3 (7.5) 14 (28.6) 2 (7.4) 6 (20) 5 (14.3) NS 
Diabetes (%) 3 (7.5) 6 (12.2) 3 (11.1) 4 (13.3) 6 (17.1) NS 
Smoking (%) 34 (85) 35 (71.4) 21 (77.8) 21 (70) 23 (65.7) NS 
Preoperative history of 15 (37.5) 13 (26.5) 19 (70.4) 16 (53.3) 22 (62.9) 
MI (%) yd nn 
p < 0.05 p < 0.05 
, Cholesterol > 275 mg (%) 12 (30) 14 (28.6) 11 (40.7) 13 (43.3) 15 (42.9) NS 
ee Lipid abnormality 21 (52.5) 26 (53.1) 15 (55.6) 15 (50) 17 (48.6) NS 


IMP = improved from operative state; NLV = normal ventricular function; SAME = unchanged from preoperative state; 
ALV = abnormal ventricular function; WORSE = deterioration of ventricular function; NS = not significant; MI = 
myocardial infarction. 


Table 3. Ventricular Function versus Angina Relief 


Current Angina Status (Canadian 
Heart Association Classification [7]) 


No. of Patients (%) Death 
Ventricular S$ —__ after 
Function 0 1 2 3 4 5 Years Cause 
IMP-NLV 31 oe 3 (7.5) 6 (15) 0 0 0 
SAME-NLV 34 (72.3) 1(2.1) 7(14.9) 3(64) 2(43) 2 MI (1), Ca (1) 
M IMP-ALV 10 (37.0) 414.8) 9(33.3) 1(3.7 3(11.1) 0 
É SAME-ALV 15 (51.7) | 3 (10.3) 7(24.1) 0(0) 4 (13.8) 1 MI 
WORSE 13 (39.4) 9 (27.3) 5 (15.2) 2 (6.1) 4 (12.1) 2 MI (2) 





"Patients free from angina: IMP-NLV and SAME-NLV vs IMP-ALV and SAME-ALV and WORSE, p < 0.001. 


Ca = carcinoma; other abbreviations same as for Table 2. 


Table 4. Current Angina Status in Available Patients Not Undergoing Five-Year 
Follow-up Study Compared with Those Receiving Late Angiography 





No. of Patients in Canadian Heart Association Angina Class: 








a Angiography Status 0 1 2 3 4 
Refused 121 (58.2) 33 (15.9) 33 (15.9) 10 (4.8) 11 (5.2) 
angiography (%)* 
Received 103 (58.5) 20 (11.4) 34 (19.3) 6 (3.4) 13 (7.4) 
angiography (%) 


“Includes 11 patients unable to undergo angiography because of severe peripheral vascular disease. 
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Table 5. Incidence of Perioperative and Late MI 


Percent of Patients 


Ventricular Periop- 

Function erative MI Late MI 
IMP-NLV 5.0 2.5 
SAME-NLV 4.1 6.1 7” 
IMP-ALV ule Be | 3.7 
SAME-ALV 3.4 17.2 
WORSE 11.4 25.7" 

ap < 0.05. 


Abbreviations same as for Table 2. 


Table 6. Graft Patency at 25 Years 
versus Ventricular Function 


Ventricular Function Graft Patency Rate (%) 


IMP-NLV 83.9 
SAME-NLV 82.678 
IMP-ALV 76.7 
SAME-ALV 64.7 
WORSE 64.51" 
ay < 0.05. 


Abbeviations same as for Table 2. 


Also, graft patency decreased stepwise as se- 
verity of angina increased. It was 84.2% in those 
patients with no angina versus 60% in those 
with Class 3 or 4 angina (p < 0.005). For pa- 
tients in Class 1 it was 72.5% and for those in 
class 2, 66.2%. 


Completeness of Revascularization 


The proportion of patients judged to be com- 
pletely revascularized at operation was essen- 
tially the same in/all five groups (Table 7). Also, 
the percentage of ungrafted vessels with sten- 
osis of 50% or more but less than 100% was 
the same in all five groups. 


Progression of Disease in Native 
Coronary Arteries 
The progression of atherosclerotic stenosis in 


coronary arteries receiving bypass grafts was | 


essentially the same in all five groups, ranging 
from 58.8% in the group showing improvement 
resulting in normal LV function to 67.4% in 
the group with normal LV function that was 


unchanged (Fig 1). Progression of disease in 
coronary arteries with occluded grafts was no 
different from those with patent grafts. In un- 
grafted coronary arteries, progression of dis- 
ease was significantly lower in the groups with 
normal LV function (improved, 33.3%, and un- 
changed, 33.3%) than in those with deteriora- 
tion of LV function (61.3%) (p < 0.05). It should 
also be noted that disease progression in the 
group showing deterioration was essentially 
the same in both grafted (61.4%) and ungrafted 
(61.3%) arteries. There was a significant dif- 
ference in the incidence of progression of dis- 
ease in grafted versus ungrafted arteries in 
those with normal ventricles (improved group, 
58.8% vs 33.3% [p < 0.025]; unchanged group, 
67.4% vs 33.3% [p < 0.005]). The incidence of 
significant graft stenosis (diameter reduction of 
50% or more) of patent grafts was low, ranging 
from 2.3% in the group with improvement re- 
sulting in normal LV function to 7.9% in the 
group with improvement but still abnormal LV 
function. 


Progression of Disease to Total Occlusion 

Total occlusion of native coronary arteries that 
had been patent on preoperative coronary ar- 
terlagrams was significantly higher in grafted 
arteries (63.3%) than in those ungrafted (12.2%) 
(p < 0.001). However, progression to total 
occlusion was also related to the severity of 
preoperative stenosis in both grafted and un- 
grafted arteries. Whereas only 1.2% of un- 
grafted vessels with preoperative stenosis of 
less than 50% progressed to total occlusion, 
43.8% of ungrafted coronaries progressed from 
stenosis of 90% or more to total occlusion (Fig 
2). In grafted arteries, 48.7% progressed from 
less than 90% stenosis to total occlusion, while 
73.5% with preoperative stenosis of 90% or 
more were totally occluded at the time of late 
angiography. 


Comment 

Treatment of ischemic heart disease has been 
directed at symptomatic relief of angina 
pectcris, increasing longevity, prevention of 
myocardial infarction, and preservation of 
ventricular function. This report focuses on 
ventricular function and progression of 


pa 


STENOSIS PROGRESSION {%) 
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Table 7. Completeness of Revascularization 


Patients 
Completely 
Ventricular Revascularized 
Function (%) 
IMP-NLV 70.0 
SAME-NLV 67.3 
IMP-ALV 67.7 
SAME-ALV 73.4 
WORSE 74.3 


No. of 
Vessels 
Grafted (A) 


87 
92 
63 
68 
76 


No. of Ungrafted 


No. of Vessels with 

Vessels Stenosis >50% CKA + B) 
Ungrafted (B) but <100% (C) (%) 

33 13 10.8 

55 17 11.6 

18 10 12.3 

22 9 10 

29 10 9.5 


Abbreviations same as for Table 2. 


* 9<0.025 
+ p<0, 625 
t p<0.05 
e p<0,05 
te 
61.3 





4) 
m 


SAME- NLV  IMP-ALV SANE- ALY WOR 
POSTOPERATIVE LV FUNCTION 


Fig 1. Postoperative left ventricular (LV) functional 
category and incidence of progression of atherosclerotic 
disease in ungrafted and grafted coronary arteries. 
(IMP = improved from preoperative state; NLV = 
normal ventricular function; SAME = unchanged from 
preoperative state; ALV = abnormal ventricular func- 
tion; WORSE = deterioration of ventricular function.) 


Iei 
2 
o 


* p<0. Wl 
+ p<0. 025 
į p<0. 025 


C] Ungrafted 
Arteries 
PZA Grafted 

Z Arteries 


“mg 
wn 


PROGRESSION TO TOTAL OCCLUSION ( %) 
G = 





250% and <90% 
DEGREE OF PREOPERATIVE STENOSIS 


< 50% 290% 


Fig 2. Incidence of progression of disease to total occlu- 
sion as a function of the degree of preoperative coro- 
nary artery stenosis in ungrafted and grafted arteries. 


atherosclerotic disease in the native coronary 
circulation assessed at least 5 years after CABG 
in 181 patients. It is noteworthy that almost 
50% of these patients have maintained normal 
LV function for 5 years following CABG. This 
maintenance of normal LV function is linked to 
graft patency, with more than 80% of grafts 
patent at 5 years or more in those patients with 
normal LV function compared with 64.5% in 
those with deterioration of LV function (p < 
0.05) (see Table 6). These findings are con- 
firmatory of the previous work of Wolf and 
colleagues [24], which showed that patent coro- 
nary artery grafts were associated with mainte- 
nance of normal LV function or improvement of 
regional and global function when preoperative 
dysfunction was present, but that occluded 
grafts were often associated with deterioration 
of LV contractility as measured by segmental 
wall shortening velocity. 

The present study provides evidence of the 
effects of CABG on ventricular function at 5 or 
more years after operation. It confirms previous 
observations made early after CABG demon- 
strating increases in myocardial contractile 
force [10, 11, 19]. In addition, this study shows 
the close relationship of graft patency to angina 
relief, with 84.2% of grafts patent in patients 
now free of angina compared with 60% patency 
in those with Class 3 or 4 angina (p < 0.005). 
This tends to refute the simplistic view that an- 
gina relief is frequently related to infarction or a 
placebo effect rather than to revascularization 
[1, 4]. 

Analysis of progression of atherosclerosis in 
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the native coronary circulation following CABG 
has generally been made on limited numbers of 
patients or short follow-up periods. Aldridge 
and Trimble [2] initially reported acceleration 
of atherosclerosis proximal to a vein graft. 
Malinow and associates [17] showed in 100 pa- 
tients studied with angiography less than six 
months following CABG, that progression of 
disease to total occlusion occurred in 44% of 
grafted arteries but in only 6% of ungrafted ar- 
teries. They thought this progression was more 
likely with a patent graft than an occluded graft. 
Maurer and co-workers [18] repeated angiog- 
raphy in 121 patients approximately 1 year fol- 
lowing CABG and found progression of prox- 
imal disease five times more frequent in grafted 
than in ungrafted arteries. Total occlusion had 
occurred in 60% of grafted arteries but in only 
2% of ungrafted arteries. 

Better understanding of these preliminary 
observations is obtained with the perspective 
of longer follow-up. Seides and colleagues [20], 
in a limited study of 22 patients who had 
undergone CABG at least 5 years earlier, noted 
a 68% incidence of disease progression of 28 
grafted vessels at 5 years; but 35% had shown 
progression at the first recatheterization less 
than 1 year following CABG. In ungrafted ar- 
teries, on the other hand, only 1 of 24 vessels 
showed progression of disease in an early 
follow-up angiogram, but 46% had shown 
significant progression at 5 years. In a more 
comprehensive study of 108 patients followed 
for 5 to 7 years after CABG, Bourassa and 
associates [5] identified progression of athero- 
sclerotic disease at 1 year in 57% of grafted 
arteries with patent grafts and in 53% with oc- 
cluded grafts. At 5 years, progression of disease 
was present in 66% and 57% of arteries with 
patent or occluded grafts, respectively. In con- 
trast, only 9.5% of ungrafted arteries showed 
disease progression at 1 year, but 41% had sig- 
nificant increases in atherosclerotic stenosis 
at 5 to 7 years. Disease progression was more 
likely with greater degrees of preoperative 
stenosis, being only 16% in ungrafted arteries 
with stenosis of 50% or less but as high as 50% 
in ungrafted arteries with more than 75% 
stenosis. In grafted arteries with 50 to 75% 
stenosis, 41% had progression at 5 years; with 


stenosis of more than 75%, more than 70% 
showed significant increases in proximal dis- 
ease. 

The results of the Montreal group [5, 16] are 
strikingly similar to those we have described. 
Among the five groups of postoperative ven- 
tricular function, disease progression was 
noted in grafted arteries in 58.8% to 67.4%. In 
ungrafted arteries, disease progression ranged 
from 33.3% in the groups with normal LV 
function to 61.3% in those with deterioration of 
ventricular function, with an overall rate of 42% 
in the 181 patients studied. 

Progression of disease in grafted arteries ap- 
pears to occur predominantly in the first year 
folowing operation. This may be a hemo- 
dynamic phenomenon resulting from de- 
creased blood flow through a stenotic coronary 
artery because of a patent vein graft. Experi- 
mental work by Furuse and co-workers [8] and 
Kakcs and associates [14] are supportive of this 
concept. It seems unlikely that operative ma- 
nipulation of the coronary artery is a major fac- 
tor since only 8.4% of grafted arteries had 
stenosis at the graft site, and 2.4% had progres- 
sion distal to the graft in the Montreal patients 
studied more than 5 years following CABG [5]. 

The data presented suggest that maintenance 
or restoration of normal ventricular function 
after CABG is related to graft patency and to the 
dezree of progression of atherosclerotic disease 
in ungrafted coronary arteries. Our finding that 
the group of patients with deterioration of LV 
function showed a level of disease progression 
in ungrafted arteries (61.3%) equal to that found 
in grafted arteries could indicate that low graft 
patency, occurrence of late myocardial infarc- 
tion, and deterioration of ventricular function 
in this group might all be related to intrinsic 
acceleration of coronary atherosclerosis unre- 
lated to operative intervention. 

The finding that almost 50% of the patients 
reviewed more than 5 years following CABG 
stil maintain normal LV function is an en- 
couraging, objective indication of long-term 
benefit from operative therapy of ischemic 
heart disease. Long-term studies of operatively 
treated patients evaluated with ventriculog- 
raphy and angiography more than 5 years after 
CABG can best provide meaningful data about 
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graft patency, angina relief, myocardial infarc- 
tion, ventricular function, and native coronary 
arterial disease progression. 
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Myocardial Rupture: II. 


Chamber Pressure, Rate of Distention, 
and Ventricular Disruption in Isolated Hearts 


Ross T. Lyon, B.A., James M. Levett, M.D., James M. Sheridan, B.S., 
Seymour Glagov, M.D., and C. E. Anagnostopoulos, M.D. 


ABSTRACT We have developed an in vitro tech- 
nique for producing myocardial rupture in lamb 
hearts, which relates tensile strength to a variety of 
conditions which can prevail in normal and infarcted 
human hearts. Retrograde perfusion of saline solu- 
tion and inflation of the left ventricle was used to 
apply progressive stress to the left ventricular wall. 
Three separate sites of myocardial rupture were ob- 
served and occurred with the frequency of 54% at the 
papillary muscle, 30% at the interventricular sep- 
tum, and 16% at the free wall of the left ventricle. 
The distribution and configuration of the experi- 
mental ruptures were similar to those usually noted 
as complications of human myocardial infarction. 
The mean rupturing pressure was 526 mm Hg in 
normal lamb hearts. Application of these techniques 
should ultimately provide data relevant to the diag- 
nosis, prevention, and treatment of myocardial 
rupture. 


Cardiac rupture is the immediate cause of death 
of approximately 10% of patients with fatal 
acute myocardial infarction [1,2]. The diagnosis, 
however, is usually made only postmortem be- 
cause there are no precise clinical indications of 
the imminence of myocardial rupture and little 
time for intervention once it has occurred. A 
test system allowing myocardial strength de- 
terminations to be made could furnish infor- 
mation regarding the specific conditions that 
culminate in myocardial rupture and might 
suggest precautions that could be taken to pre- 
vent rupture. Such a system should generate 
determinations of tensile strength of normal 
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and ischemic myocardium and permit. such 
variables as location and extent of infarction, 
previous injury, heart size, and functional state 
of the myocardium to be related to the likeli- 
hood of rupture. We are reporting the de- 
velopment of an in vitro technique for studying 
these and other aspects of myocardial! rupture 
in hearts of large mammals under controlled 
and quantifiable conditions. Initial studies 
performed on normal lamb hearts show that the 
left ventricle ruptures in a consistent manner 
under reproducible levels of ventricular pres- 
sure. 


Materials and Methods 

Our initial objective was to develop a standard 
procedure for the measurement of the tensile 
strength of left ventricular myocardium. Several 
means of applying progressive stress to the left 
ventricular wall to the point of rupture were 
explored. These included inflation of a balloon 
in the left ventricular cavity and modifications 
of this technique, and distention of the left 
ventricular cavity by means of fluid pumped 
through an aortic cannula. The: latter method 
proved both reliable and reproducible and 


permitted continuous monitoring of intraven- 


tricular pressure during distention using a 
catheter passed into the ventricle through the 
mitral valve. Lamb hearts were used to develop 
the model system because they were readily 
available and relatively uniform. Also, they are 
morphologically similar to human hearts with 
regard to ventricular size and shape, and coro- 
nary artery distribution. Hearts of 6-month-old 
lambs weighing an average of 49.9 kg were 
obtained from Chiapetti’s Lamb Products, 
Chicago, immediately after slaughter, were 
transported to the laboratory at ambient tem- 
peratures within 30 minutes of removal, and 
were stored in physiological saline solution at 
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3°C until used. The interval between death and 
use of the heart in an experiment ranged from 1 
to 72 hours. Heart weights ranged from 137 to 
291 gm. Preparation for each experiment took 
about 30 minutes, and all experiements were 
conducted at ambient room temperature (25°C). 
Although most specimens proved satisfactory, 
a few of the hearts had incompetent mitral 
valves at the time of procurement, precluding 
the elevation of ventricular pressure necessary 
for rupture. A total of 50 successful experiments 
performed on lamb hearts form the basis of this 
report. 

Experiments were conducted as follows: A 
Bardic infusion cannula was inserted retrograde 
into the aorta and passed through the aortic 
valve into the left ventricle. The cannula was 
secured proximal to the origin of the coronary 
arteries by a periaortic tie utilizing umbilical 
tape. A pressure-monitoring catheter was then 
inserted through an incision of the left atrium, 
through the mitral valve, and into the left ven- 
tricle. The heart was suspended in a plastic 
basin and physiological saline solution was 
pumped into the left ventricle through the aor- 


Fig 1. Sites of myocardial rupture and pressures result- 
ing in rupture of hearts of various weights and post- 
mortem intervals. 
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tic cannula until rupture occurred. Continuous 
pulsatile infusion was provided by an Olsen 
roller pump, while the pressure in the left ven- 
tricle was recorded simultaneously from the 
mitral cannula by means of a Statham P23Db 
transducer for input into an Electronics for 
Medicine recorder calibrated to register pres- 
sures from 0 to 800 mm Hg. During the 
pressurizing period, the infusion rate was in- 
creased steadily by manual operation of a 
rheostat in such a way that the excursion from 
minimal to maximal position on the dial corre- 
sponded to a time interval of 25 to 35 seconds. 
The objective end point of each experiment was 
the precise moment of rupture, recorded as a 
sudden fall in intraventricular pressure. Addi- 
tional recorded observations suitable for cor- 
relative study included site of rupture, number 
of ruptures, heart weight, and postmortem 
interval. Statistical significance was determined 
using Student’s f test and analysis of variance 
where appropriate. 


Results 

Hearts ruptured after time intervals ranging 
from 8.5 to 37 seconds (mean, 18.4 + 6.4 sec- 
onds) and at pressures ranging from 320 to 690 
mm Hg (mean, 525.5 + 76.4 mm Hg) (Fig 1). 
Hearts with infusion times greater than 23 sec- 
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Fig 2. Recordings of intraventricular pressure during the 
infusion interval. 
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Fig 3. Rupture of the posterior wall of the papillary 
muscle. 


onds tended to rupture at significantly lower 
pressures than those of intermediate infusion 
durations of 15 to 23 seconds (p < 0.05). 
During the continuous infusion period, three 
phases of ventricular change were observed. 
During the initial period, intraventricular 
pressure rose rapidly but the ventricle re- 
mained relatively constant in size and shape. In 
the second phase, the pressure remained rela- 
tively constant but the ventricle dilated. During 
the third phase, pressure rose once again, but 
ventricular size remained unchanged until 




















Time (seconds) 


rupture occurred. Typical ventricular pressure 
tracings are shown in Figure 2. An increase in 
the duration of the isobaric stage (plateau phase 
of pressure tracings) was associated with longer 
infusion times. 

Three sites of myocardial rupture were ob- 
served but each heart usually ruptured at only 
one site. Rupture of the papillary muscle was 
mest common and was present in 54% of the 
hearts (Fig 3). Interventricular septal rupture was 
found in 30% and free wall rupture of the left ven- 
tricle, in 16% of the hearts (Fig 4). Ruptures in 
the wall of the left ventricle could be observed 
at the time they occurred as sudden perfora- 
tions and leaks, while papillary muscle ruptures 
were perceived as sudden mitral regurgitation. 
Ruptures of the interventricular septum re- 
sulted in sudden efflux from the pulmonary 
trunk. Pressures required for the three differ- 
ent types of myocardial rupture were not sig- 
nificantly different. No significant correlations 
could be demonstrated between anatomical site 
of rupture and time of rupture. 

Of 27 papillary muscle ruptures, 12 occurred 
in the anterior, 14 in the posterior, and 1 in 
both papillary muscles. These ruptures were 
near the tip within 0.5 to 1.0 cm of the origin of 
the chordae tendineae and were generally 
transverse to the papillary muscle, i.e., perpen- 
dicular to the direction of the muscle bundles. 
Septal rupture tended to occur at the middle 
of the septum, frequently close to the apex of 
the right ventricle. Additional nonpenetrating 
myocardial tears, parallel to the midline of the 
septum, often extended from either end of the 
transmural rupture site. Free wall ruptures of 
the left ventricle occurred anteriorly in 7 hearts 
and posteriorly in 1. The anterior free wall 
ruptures often were found as slits parallel and 
immediately adjacent to the lower third of the 
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Fig 4. Free wall rupture of the anterior wall of the left 
ventricle. 


left anterior descending artery. In 2 specimens, 
endocardium and myocardium ruptured while 
the epicardium remained intact, forming an 
epicardial false aneurysm. Rupture of the valve 
cusps, chordae tendineae, and membranous 
septum did not occur. Nor did the apex of the 
heart rupture. No correlation could be demon- 
strated between the weight of the heart or the 
postmortem interval and the final rupturing 
pressure or site of rupture. 


Comment 

The preliminary findings suggest that the con- 
tinuous infusion model developed for the study 
of ventricular tensile strength is likely to pro- 
vide valuable data concerning the mechanism 
of myocardial rupture. The relatively constant 
pressure at rupture, the characteristic triphasic 
pattern of intraventricular pressure elevation 
from onset to rupture, and the consistent dis- 
tribution of rupture sites indicate that the stan- 


dardized system can be utilized in a series of 
experiments described to test hypotheses re- 
garding the nature of myocardial cohesion 
under a variety of conditions. Such experiments 
are underway and will form the basis for sub- 
sequent reports. 

The mean rupturing pressure of 526 mm Hg 
exceeds pressure levels found clinically, even in 
acute hypertensive crises. Similar data on nor- 
mal human hearts are not yet available but it is 
reasonable to presume that human myocardium 
is also capable of withstanding high levels of 
pressure distention. 

The triphasic pressure curve during infusion 
indicates that the distensibility of the ventricle 
changed as mural stress increased. These 
changes in rigidity must result from changes in 
the relative contribution of the ventricular mus- 
cle and its associated connective tissue skeleton 
to the combined resistance of stretch of the left 
ventricle. It seems likely that these changes are 
the result of breakage or dissociation of these 
components, or both factors, but the associa- 
tion of particular components with each phase 
of infusion is currently speculative. 

Differences in total time from onset of infu- 
sion to rupture were associated with corre- 
sponding differences in the duration of the sec- 
ond or isobaric phase of the pressure curve. 
During this period, it is likely that mural stress 
(force per unit of cross-sectional area) increased 
more rapidly than in either of the other two 
phases, a result of the combined effects of ven- 
tricle dilation and wall thinning. This inter- 
pretation derives from the application of La- 
place’s law, as suggested by Burton [3]. Applied 
to the left ventricle of the heart, the relationship 
of tension to pressure and curvature is ex- 
pressed as P = T X [(1/R,) + (1/R,)], where P 
represents the difference in pressure between 
the outside and inside of the ventricle, T repre- 
sents the tension (force per unit of length) in the 
wall, and R, and R, are the radii of curvature at 
the site of interest. Ventricular wall stress (ten- 
sion per unit of wall thickness) thus increases as 
the heart enlarges and as the wall thins even if 
chamber pressure remains constant. The longer 
the second phase, the greater the volume and 
radius of the ventricle and the greater the stress 
for any given pressure at the end of this phase. 
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When pressure rises in the third phase, the 
pressure necessary for rupture is likely to be 
lower in those hearts that have reached the 
greatest diameters at the end of phase two. 
These considerations also account for our find- 
ing that there was little correlation between 
heart weight or size and rupturing pressure. 
Although larger hearts had thicker walls, it is 
probable that stresses were comparable to those 
in smaller hearts as a result of the greater 
chamber dimensions [4]. For similar reasons, 
ruptures did not occur at the apex even though 
the wall of the ventricle is thinnest in this area. 
At this location, tensions are expected to be 
smaller because of relatively small apical radii. 
With further consideration of Laplace’s law, it 
seems reasonable to assume that application of 
right intraventricular pressure during the infu- 
sion period would modify the results, yielding 
a somewhat lower incidence of septal ruptures 
(because of a reduced pressure differential ex- 
perienced by the septal wall) and a higher level 
of left ventricular rupturing pressure (as a result 
of reduced septal wall bulging). 

Postmortem reports appear to suggest that 
human ruptures are most common in the free 
wall and involve the anterior, posterior, or lat- 
eral walls in equal proportion [8-10], though 
anterior wall predilection has also been reported 
[1, 5, 6]. From these studies it would seem that 
papillary muscle and septal rupture are less fre- 
quent than free wall rupture in man, but the 
data can be misleading since many of the series 
exclude papillary and septal rupture. Never- 
theless, reports indicate an incidence of 8 to 
10% for septal rupture [6-8] and 17.5% for 
papillary rupture [10]. In the lambs, 54% of the 
ruptures were in papillary muscles, 30% in the 
septum, and 16% in the free wall of the left 
ventricle. These comparisons show that al- 
though the distributions differ, the locations 
involved in experimental rupture were remark- 
ably similar to those usually noted as complica- 
tions of human myocardial infarction. This 
suggests that rupture occurs most often when 
myocardial infarction is superimposed on areas 
where the tensile strength is already relatively 
low in the normal ventricular wall. Thus, it is 
not surprising that in human infarcted hearts, 


the relative incidence of rupture to various sites 
follows the relative frequency in the distribu- 
tion of infarction, the left ventricular free wall 
being involved most often. 

To date, the experiments performed using” 
these techniques have given numerical values 
for the strength of the nonpathological left ven- 
tricle, have shown that the distensibility of the 
myocardium changes during the course of ven- 
tricular infusion, and have identified the sites 
with a predilection to rupture in nonpathologi- 
cal specimens. It is now our intent to obtain 
numerical determinations of myocardial wall 
stress and to explore the effects of myocardial 
infarction, connective tissue enzymes, a wide 
range of drugs, and wounds on myocardial ten- 
sile strength using this in vitro preparation. 
These and other applications of the techniques 
described should increase our understanding of 
the mechanism of myocardial rupture and ulti- 
mately should provide data relevant to the 
diagnosis and prevention of myocardial rup- 
ture. 
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Pulsatile Perfusion: Its Effects 
on Blood Flow Distribution in Hypertrophied Hearts 


Tomas A. Salerno, M.D., Harry M. Shizgal, M.D., 


and Anthony R. C. Dobell, M.D. 


ABSTRACT Left ventricular 


created in 15 pigs by banding the ascending aorta 


hypertrophy was 


when they were young. The adult animals were 
placed on normothermic cardiopulmonary bypass 
and perfused with either nonpulsatile (two groups of 
pigs) or pulsatile (one group) flows. As long as the 
perfusion rate was maintained at 70 ml/kg/min, myo- 
cardial blood flow distribution as determined by 
radioactive microspheres, was identical in the hearts 
with normal sinus rhythm and those with ventricular 
fibrillation irrespective of the type of perfusion. At 
low flow rates, however, subendocardial ischemia 
developed in all three groups, but was most severe 
in the fibrillating hearts, and was not reversed by 
pulsatile perfusion. 


In normal hearts, less than 25% of myocardial 
perfusion occurs in systole [8], and this is di- 
rected to the subepicardial layer of the ven- 
tricular myocardium. The deeper layers are 
perfused in diastole. Overall perfusion is equal 
through all layers [7]. Thus, autoregulation 
leads to a greater diastolic flow to the suben- 
docardial region. This region is particularly 
vulnerable when there is coronary artery dis- 
ease, aortic stenosis, aortic insufficiency, or a 
combination of the last two factors. 
Subendocardial ischemia occurs in fibrillat- 
ing hypertrophied hearts under cardiopulmo- 
nary bypass (CPB) when extracorporeal flow is 
marginal [1, 15, 18, 19, 25]. It seemed that the 
combination of nonpulsatile CPB and ven- 
tricular fibrillation (VF) might completely upset 
the autoregulatory mechanism since only by 
such a combination would the coronary ar- 
terioles be subjected to nonpulsatile coronary 
perfusion. Nonpulsatile CPB alone does not 
produce nonpulsatile coronary perfusion with a 


From the Departments of Surgery, Royal Victoria Hospital 
and McGill University, Montreal, Que, Canada. 


Accepted for publication Sept 14, 1978. 


Address reprint requests to Dr. Salerno, Department of 
Surgery, Queen’s University, Kingston, Ont, Canada. 


beating heart since coronary resistance is then 
pulsatile. 

We hypothesized that pulsatile perfusion 
during CPB with VF might restore a more even 
flow distribution to the various layers of the 
myocardium. The experiments reported here 
were designed to test that hypothesis. 


Materials and Methods 
Hypertrophy of the left ventricular myocardium 
was induced in 15 pigs by banding the as- 
cending aorta when they were 4 + 0.3 weeks 
old. The animals were placed on normothermic 
CPB when they were 17 + 1.8 weeks old, and 
the distribution of blood flow to the myocar- 
dium was studied at different flows using four 
different radioactive carbonized microspheres* 
(15 + 5 pw) labeled with strontium 85, cerium 
141, iodine 125, and niobium 95. The animals 
were divided into three equal groups: Group 1, 
normal sinus rhythm (NSR) perfused with a 
Sarns roller pump; Group 2, ventricular fibrilla- 
tion (VF) perfused with the roller pump; and 
Group 3, VF perfused with a Bentley pulsatile 
pump. The pulsatile pump was powered by an 
inert compressed gas at a pressure of 75 pounds 
per square inch. The disposable ventricle was 
made of thin polyurethane with polycarbonate 
inlet fittings, with one-way valves at each end. 
Pump action was achieved when a diaphragm 
squeezed the ventricle inside the pump 
chamber. Stroke volume ranged from zero to 
100 ml per stroke. Stroke rate could be adjusted 
from 20 to 120 strokes per minute. The pulsatile 
ventricle was capable of functioning up to an 
average perfusion rate of 6 liters per minute. 
Pump flows were measured with a flowmeter in 
the arterial cannula. Pressure tracings from 
heart action, roller pump, and pulsatile pump 
are shown in Figure 1. 

Normothermic cardiopulmonary bypass was 


*3M Company, Nuclear Products, St. Paul, MN. 
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Fig 1. (A) Pressure tracings from beating hearts before 
cardiopulmonary bypass, (B) during pulsatile perfusion, 
and (C) during nonpulsatile perfusion. 


instituted by cannulation of the venae cavae, 
which were later snared. Arterial inflow was 
through the right subclavian artery. The pul- 
monary artery was snared. The azygos and 
hemiazygos veins, which drain into the 
superior vena cava and the right atrium, re- 
spectively, were tied off. Vents were inserted 
into the left and right ventricles before CPB. 
Coronary blood flow was measured as the 
effluent from the right ventricle. Aortic root 
pressure, blood gases, hematocrit, and intra- 
myocardial temperature were monitored. Ven- 
tricular fibrillation, when needed, was induced 
by a single alternating-current shock pulse. 
After the animal had been on CPB for 90 
minutes at a flow of 75 ml/kg/min, the flow was 
altered to range between 70 and 20 ml/kg/min, 
with stabilization for 20 minutes at each level. 
At that time, a known number of radioactive 
microspheres labeled with a single isotope were 
injected into the arterial line of the pump 
oxygenator. Since these microspheres do not 
pass through capillaries, their distribution in 
the myocardium is proportional to regional 
perfusion [1, 22]. At the end of 180 minutes on 
CPB, the animal was killed, and differential 
counting techniques were employed to deter- 


mine the concentration of each isotope in the 
myocardium. The heart was removed from the 
chest, cleared of fat and pericardium, and 
weighed. 

The heart was then fixed in buffered formal- 
dehyde for 12 hours and was divided into 
epicardial, midmyocardial, and endocardial 
thirds of equal thickness. The tissue was then 
allowed to dry at 37.8°C for 48 hours, was 
weighed, and was counted in a Packard deep- 
well scintillation counter. Counts/min/gm of dry 
myocardium was determined for each indi- 
vidual layer and the ratio of activity in the 
epicardial and endocardial layers was calcu- 
lated. Blood flow distribution to the individual 
layers was determined by multiplying the per- 
cent of counts in each layer by the total mea- 
sured coronary blood flow. 


Results 

The three groups of animals had a comparable 
degree of myocardial hypertrophy, with mean 
heart weight in grams of 457.0 + 8.7 (standard 
error of the mean) for NSR group (roller 
pump), 370.0 + 10.2 for VF group (roller), and 
384.0 + 9.1 for VF group (pulsatile) compared 
with 210.0 + 3.9 for normal hearts. The dif- 
ference between normal and hypertrophied 
hearts was statistically significant (analysis of 
variance) (p < 0.05). 

Ceronary artery flow is shown in Table 1. The 
fibrillating hearts had the highest coronary 
flow at all pump rates. The distribution of 
coronary flow to the free wall of the left ventri- 
cle at high pump flows of 70 ml/kg/min (Fig 2) 
was not different in the three groups (p > 0.05). 
However, as flows declined from 70 to 20 ml/ 
kg/min (Fig 3), the ratio of epicardium to en- 
docardium changed from 1.30 + 0.12 to 3.20 + 
0.52 for NSR group (roller); from 1.80 + 0.07 to 
7.0 + 1.67 for VF group (roller); and from 1.50 + 
0.09 to 10.50 + 1.81 for VF group (pulsatile) (p < 
0.05), indicating underperfusion of the en- 
docardium compared with the epicardium. The 
epicardium to endocardium ratios for interme- 
diate flows are shown in Table 2. 

Coronary artery resistance at all flows was 
higher for NSR group (0.90 + 0.08 resistance 
units at 70 ml/kg/min and 1.40 + 0.09 at 20 ml/ 
ke/min) compared with fibrillating hearts (0.63 
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Table 1. Coronary Artery Blood Flow (ml/min)* 


L a aaaaaaaaaaaaaaaaaauaualalulalalalalalulululuauassssssssssslsl— 


Pump Flow (ml/kg/min)” 


S mmm 


Group 70 50 40 20 

a a 
NSR roller 80.0 + 4.7 62.4 + 3.0 46.4 + 2.1 27.4 + 1.84 
VF roller 105.0 = 7.0 84.0 + 7.8 67.0 & 7.2 52.0 + 7.1 


VF pulsatile 102.0 + 6.4 81.6 + 6.2 51.8 + 4.0 40.4 + 5.4 
a aT 
4At all levels of pump flows the fibrillating hearts had the highest coronary flows. 

Þ+ Standard error of the mean. 


NSR = normal sinus rhythm; VF = ventricular fibrillation. 


DISTRIBUTION OF MYOCARDIAL FLOW + 0.08 and 0.54 + 0.06 for VF group [roller], and 
(Pump flow 70 cc/Kg/min.) 0.43 + 0.03 and 0.84 + 0.08 for VF group [pul- 
satile]) (p < 0.05). 

Peripheral vascular resistance had values of 
1.02 + 0.06 at 70 ml/kg/min and 1.91 + 0.1 at 20 
ml/kg/min for NSR group, compared with 0.95 
+ 0.09 and 1.4 + 0.06 for VF group (roller) and 
0.62 + 0.07 and 1.7 + 0.09 for VF group (pul- 
Wil satile) (p < 0.05). 

EE . | The relationship between pressure and flow 

NSR Roller VF Roller VF Pulsatile rates is shown in Fig 4. The pulsatile groups 

Fig 2. Distribution of blood flow to the myocardium at had the lowest pressures although pump flows 

high flow rates. were relatively high, indicating that the ani- 
mals were peripherally dilated. 
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(Pump flow 20cc/Kg/min ) Comment 
60 i ia Dec T The deleterious effects of ventricular fibrillation 
z d on the distribution of blood flow away from the 
3 40 subendocardium have been borne out in several 
3 animal and human studies [4, 11-14, 21]. Myo- 
O 20 cardial hypertrophy is a potentiating factor 
3° \ [4—6, 10, 15, 18]. Allowing the heart to beat while 
_ aoe Hii empty appears to be the most desirable way to 
NSR Roller VF Roller VF Pulsatile protect the perfused subendocardium [12, 23]. 
Fig 3. Distribution of blood flow to the myocardium at Myocardial blood flow occurs primarily in 
low flow rates. diastole but systolic flow also has been noted 


Table 2. Epicardial/Endocardial Ratio of the Distribution 
of Blood Flow to the Free Wall of the Left Ventricle 





Pump Flow (ml/kg/min)* 





Group 70 50 40 20 

NSR roller 1.30 = 0.12 2.14 = 0.15 2.55 = 0.88 3.42 £ 0.52 
VF roller 1.80 + 0.07 3.71 + 0.72 4.03 + 0.51 DO- me 
VF pulsatile 1.50 + 0.09 LI 2 O55 8.55 + 1.60 10.50 + 1.81 


4+ Standard error of the mean. 


NSR = normal sinus rhythm; VF = ventricular fibrillation. 
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Fig 4. Relationship between perfusion pressure and 
pump flows. (NSR = normal sinus rhythm; VF = ven- 
tricular fibrillation; SE = standard error.) 


and appears to be directed to the epicardial 
zones [2, 8, 9, 16, 27]. Loss of this phasic flow 
during VF or during nonpulsatile perfusion can 
be important in causing ischemia to the suben- 
docardium, especially if there is compensatory 
vasodilatation or constriction, or both, of the 
different areas of the myocardium during sys- 
tole and diastole. If the systolic autoregulation 
is related to and depends on diastolic au- 
toregulation, absence of pulsatile flow could 
cause abnormal regulation of the vascular tone 
and thus lead to abnormal distribution of blood 
flow. Because pulsatile perfusion during CPB 
appears to be more physiological than non- 
pulsatile perfusion [17, 20, 24, 26], we 
hypothesized that perfusion of fibrillating 
hearts with pulsatile flow would restore normal 
blood flow distribution across the myocardium. 

Our results failed to support our hypothesis. 
At high flow rates (70 ml/kg/min), no significant 
maldistribution was demonstrated despite se- 
vere left ventricular hypertrophy and VF, irre- 
spective of the type of CPB pump used. At low 
flow rates (less than 50 ml/kg/min), suben- 
docardial ischemia was apparent in all three 
groups and was more profound in the fibrillat- 
ing hearts. The deleterious effects of ventricular 
fibrillation were not reversed by pulsatile ex- 
tracorporeal perfusion and _ subendocardial 
ischemia was not prevented by pulsatile flow. It 
can be postulated that although pulsatile flow 
was achieved in the coronary circulation, the 
coronary vessels were constantly being com- 


pressed by the fibrillating myocardium, im- 
peding flow to the deeper areas, as has been 
shown [3]. This force may be overcome when 
the perfusion pressure is high. At low flow 
rates, however, the perfusion pressure whether” 
pulsatile or nonpulsatile is not sufficient to 
Overcome myocardial compression of the coro- 
nary circulation. 

From this study, we conclude that at low flow 
rates pulsatile perfusion does not restore the 
abnormal flow distribution observed in fibril- 
lating hearts. At adequate flow rates of 70 ml/ 
kg/min, there is no advantage in the use of pul- 
satile perfusion in terms of blood flow dis- 
tribution across the myocardium. 
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“Collis-Belsey” Fundoplication for Uncomplicated 
Hiatal Hernia and Gastroesophageal Reflux 


Harold C. Urschel, Jr., M.D., and Maruf A. Razzuk, M.D. 


ABSTRACT The combined Collis gastroplasty— 
Belsey Mark IV fundoplication was used in 86 pa- 
tients with uncomplicated hiatal hernia followed for 
up to 8 years. Marked relief of symptoms was ob- 
tained, with no initial morbidity and mortality. Re- 
currence of hernia occurred in 1 patient. Minimal 
gastroesophageal reflux was observed in a few pa- 
tients. Manometric and pH studies performed after 
operation showed a competent valve without notable 
esophageal reflux. The Collis gastroplasty creates a 
lesser curvature gastric tube that lengthens the so- 
called functional esophagus and eliminates tension 
at the suture line of the Belsey Mark IV fundo- 
plication. 


Collis-Belsey fundoplication has been used 
primarily in the treatment of gastroesophageal 
reflux in patients who have esophageal stric- 
ture, a short esophagus, pulmonary complica- 
tions, or recurrent hiatal hernias or in patients 
who are obese [6, 9]. Because of the good results 
obtained with this technique in these patients 
who have an increased propensity for recur- 
rence, the approach has been employed 
routinely in the reconstruction of the gas- 
troesophageal junction in cases of uncompli- 
cated hiatal hernia with gastroesophageal re- 
flux, to circumvent the high incidence of recur- 
rence following the Belsey repair alone (10 to 
15%) [3, 8]. 


Materials and Methods 

Eighty-six patients, 25 men and 61 women 
with an average age of 47 years, were tested for 
symptomatic gastroesophageal reflux. Symp- 
toms were primarily esophageal or pulmonary 
or both. Symptoms of persistent esophagitis 
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and evidence of recurrent bronchitis and 
pneumonitis secondary to aspiration were the 
primary indications for repair. 

Diagnosis of gastroesophageal reflux was es- 
tablished by cineesophagogram and upper gas- 
trointestinal series in all patients. Esophageal 
motility and pH studies or esophagoscopy were 
performed in some patients. Treatment in- 
cluded elevation of the head of the bed, control 
of diet, antacids, and abstinence from smoking 
and alcoholic beverages when indicated. Only 
after medical therapy was considered to be a 
failure was surgical reconstruction of the gas- 


troesophageal junction recommended. 


Technique 

Repair with the Collis-Belsey fundoplication 
was similar to that described in previous com- 
munications [6, 7, 9]. A 5 to 6 cm gastric tube is 
constructed along the lesser curvature using the 
gastrointestinal anastomosing stapler over a 46F 
Maloney bougie in women and a 50F in men. 
The distal part of the tube is tapered to make it 
slightly smaller. A generous fundoplication 
using about 210 to 220 degrees of the circum- 
ference is constructed in two layers, the second 
incorporating the diaphragm for fixation pur- 
poses. Most of the proximal sutures in the two 
layers are taken in the gastric tube. The crura 
are approximated to prevent herniation, al- 
though care is taken to not make the approxi- 
mation so snug as to produce dysphagia. The 
crura closure is not important in the control of 
reflux. 

The anesthetic technique is selective unilat- 
eral pulmonary ventilation using the Robert- 
shaw double-lumen tube to collapse the 
left lung and improve exposure. Arterial gases 
substantiated the efficacy of this technique, as 
proved by Wood and co-workers [10]. 

Intraoperative manometric studies were 
performed in some patients to establish the lo- 
cation of the so-called new sphincter, the role of 
the gastroplastic tube itself, and the additional 
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benefit of fundoplication. In some patients the 
intraluminal pressure rose from less than 10 
mm Hg at the level of the lower esophageal 
sphincter to more than 20 mm Hg in the recon- 
structed gastroplasty tube. The addition of the 
Belsey fundoplication to the Collis gastroplasty 
increased this pressure at the lower esophageal 
sphincter an additional 15 to 20 mm Hg. Loose 
closure of the hiatus did not increase the in- 
traluminal pressure as measured intraopera- 
tively. 

Two days after operation the patients were 
given fluids and then gradually were allowed to 
have regular meals. Belching was possible al- 
though it was not a constant occurrence in the 
early postoperative period. All patients were 
evaluated at three weeks, three months, and 
every year thereafter. Follow-up was approxi- 
mately 98% from six months to 8 years. Evalua- 
tion included history, physical examination 
and chest roentgenogram, cineesophagogram, 
and occasionally motility studies. 

With these diagnostic techniques, minimal 
gastroesophageal reflux without symptoms was 
identified in 5 patients. Recurrence of the her- 
nia occurred in 1 patient, and marked symp- 
tomatic reflux developed in another patient in 
whom the Collis gastroplasty was reconstructed 
over a 54F Maloney bougie. No patient had an 
esophageal leak or a wound infection, and there 
were no deaths. Several of the patients demon- 
strated atelectasis on either the operated or 
nonoperated side, which cleared up unevent- 
fully. 


Comment 

The rationale for the Collis-Belsey fundopli- 
cation is that the Collis gastroplasty creates a 
lesser curvature gastric tube that lengthens the 
functional esophagus and, when combined 
with the Mark IV Belsey fundoplication, ob- 
viates the theoretical disadvantages of the Bel- 
sey repair alone or the Hill [2] procedure, with 
their incidence of recurrence. The added length 
eliminates tension at the line of the buttressing 
sutures of the Belsey fundoplication. Also, the 
sutures are placed in strong gastric tissue rather 
than the more tenuous esophagus. Only two- 
thirds of the circumference is employed in 
contrast to the 360-degree wrapping of the 


Nissen repair. Because of its success with 
decreased morbidity and recurrence, the com- 
bined Collis-Belsey approach has been utilized 
routinely in all cases of gastroesophageal reflux, 
including uncomplicated ones. 

Technical experience, good results, and the 
increase in pressures in the newly recon- 
structed gastric tube, plus the additional com- 
ponent of the Belsey fundoplication for preven- 
tion of reflux, have validated the use of this 
technique. 

The reported failure of others [4] to prevent 
gastroesophageal reflux with the Collis-Belsey 
procedure suggests that the technique they em- 
ploy is different from that described here, as 
well as that of Pearson and associates |6, 7] 
and others. Possibly the employment of a 
larger bougie (60F) as a stint, as done by Hen- 
derson [1], with the creation of a spatulate gas- 
troplasty or shorter fundoplication contributed 
to his 44% recurrence rate of gastroesophageal 
reflux. Also, a shorter fundoplication could be 
the problem for the 25% symptomatic gas- 
troesophageal reflux reported by Orringer and 
Sloan [4]. They operated on a high percentage 
of patients requiring gastric resection. These 
patients represent the most difficult group in 
which to achieve adequate gastroplasty tube 
length and fundoplication [1, 4]. Certainly the 
advantages of the Collis-Belsey fundoplication 
over the Belsey operation alone or the Nissen 
operation in which the circumferential fundo- 
plication often produces dysphagia or prevents 
belching or vomiting is obvious in both com- 
plicated and uncomplicated cases of gas- 
troesophageal reflux. 

Reported series of Collis-Nissen or complete 
Collis fundoplication need much longer fol- 
low-up (most were 2 years or less) to justify 
their use. The experience with Collis-Belsey 
fundoplication has been longer (more than 7 
years), and the results have been gratifying [7, 
9]. 


References 


1. Henderson RD: Reflux control following gas- 
troplasty. Ann Thorac Surg 24:206, 1977 

2. Hill LD: Intraoperative measurement of lower 
esophageal sphincter pressure. J Thorac Car- 
diovasc Surg 75:378, 1978 


. Orringer MB, Skinner DB, Belsey R: Long- 
term result of the Mark IV operation for hiatal 
hernia and analyses of recurrence and the 
treatment. J Thorac Cardiovasc Surg 63:25, 
1972 

. Orringer MB, Sloan H: Complications and fail- 
ings of the combined Collis-Belsey operation. J 
Thorac Cardiovasc Surg 74:726, 1977 

. Orringer MB, Sloan H: Combined Collis-Nissen 
reconstruction of the esophagogastric junction. 
Ann Thorac Surg 25:16, 1978 

. Pearson FG, Henderson RD: Long-term fol- 
low-up of peptic strictures managed by dila- 
tation, modified Collis gastroplasty, and Belsey 


566 The Annals of Thoracic Surgery Vol 27 No 6 June 1979 


10. 


hiatus hernia repair. Surgery 80:396, 1976 


. Pearson FG, Tanger B, Henderson RD: Gastro- 


plasty and Belsey hiatal hernia repair. J] Thorac 
Cardiovasc Surg 61:50, 1971 


. Skinmer DB, Belsey RHR, Hendrix TR, et al (eds): 


Gastroesophageal Reflux and Hiatal Hernia. 
Boston, Little, Brown, 1972 


. Urschel HC, Razzuk MA, Wood RE, et al: An 


improved surgical technique for the complicated 
hiatal hernia with gastroesophageal reflux. Ann 
Thorac Surg 15:443, 1973 

Wood RE, Campbell D, Razzuk MA, et al: Surgi- 
cal advantages of selective unilateral ventilation. 
Ann Thorac Surg 14:173, 1972 


WHEN XOU HAV 





STAY WITH IT. 


[he William Harvey Disposable Hybrid Oxygenator 


More than six years experience in more than 


220,000 procedures. 


On the surface, the William Harvey Disposable Hybrid 
xygenator looks pretty much the same as when it was introduced 
ack in 1972, some 220,000 clinical procedures ago. But inside, there 
ave been many improvements. Not changes for change sake., The 
»sign was ahead of its time to begin with. But changes that have 
creased the oxygenator’s performance and reliability, such as going 
om plastic to aluminum tubing for more efficient heat exchange, 

id revising the arterial reservoir to help prevent vortexing. Why, in 
ie past six months alone, we've introduced a double-header heat. 
‘changer to minimize the possibility of a water-to-blood leak, a rapid 
‘ime port to allow you to get volume quickly into the system, and a 
tuilt-in” coronary perfusion plug. We are continuously working to 
eet your professional standards. To bring you the kind of profes- 
onal products that have made us the leading domestic supplier of 
ood oxygenators. | 

So when you have a good thing going, stay with it. And 
hen you are making products for professionals, it helps to have 
finements along the way. 


UE 
f 


Hi 


MLS] 





Ja aad 





Model H-800 for Model H-400 for Model H-1000 for 
pediatric use. infant and adult patients. 


neonatal use. 


WILLIAM HARVEY 


?rofessional products for professionals 





4 
$ 
i 
1 
| 
A 
k 





E” 
9 
J 
| 
Model H-200 for 3 
adult patients for 
normothermic 
perfusion. 


Oxygenation is accomplished partially by gas 
bubble action and partially by laminar blood fil 
rising in a gentle, well-stabilized slug flow. 


t m 
2000 


1800 
1600 


1400 


APPR i 
2000 
1 800 
1600 
1400 
200 


1000 





THER PROFESSIONAL 
PRODUCTS FROM | 
NILLIAM HARVEY 





Extracorporeal Tubing Packs Disposable Filters, including 
with virtually an unlimited cardiotomy and arterial line 
variety of components filters 





Model H-350 Oxygenator Holder 





na For more information 
Model H600 PreBypassFiltee. ON William Harvey 










mer ea Professional Products, 
: get together with a 
Extracorporeal Tubing, including aa 
polyurethane-lined PVC William Harvey 
Representative 
or contact 


William Harvey 
directly. And get a 
good thing going. 








ee = <5 - > 
Mam x 
+) A Fok ae Som 
4 e rt. ESL 


Disposable Cardiotomy 
Reservoir Model H-500 





Disposable plastic connectors 


WILLIAMY HARVEY 
William Harvey, Division of C.R. Bard, Inc. 1425 South Village Way, Santa Ana, CA 92705 e Telephone 800/854-3917 


PEPEE tana 


4 


CASE REPORTS 


The Use of Internal and External Vascular Conduits 
for Correction of D-Transposition of the Great Arteries 
and Double-Outlet Right Ventricle with Pulmonary Atresia 


Taro Yokoyama, M.D., Guillermo Young, M.D., and Jerome Harold Kay, M.D. 


ABSTRACT Between 1967 and 1978, an 11-year-old 
boy had undergone 3 separate systemic—pulmonary 
artery shunt operations. Two of the 3 shunt opera- 
tions failed. The patient was restudied because of 
progressive cyanosis and was diagnosed as having 
D-transposition of the great arteries and double- 
outlet right ventricle with pulmonary atresia. Repair 
was successfully accomplished with the use of an 
internal vascular conduit and an external vascular 
conduit with a glutaraldehyde-treated porcine valve. 
Four months after the corrective procedure, the pa- 
tient’s exercise tolerance had improved dramatically. 


The operative procedure for complicated multi- 
ple congenital anomalies in the heart is tailored 
to the patient’s intracardiac topography. This 
report describes the case of an 11-year-old 
boy who previously had undergone a right 
Waterston shunt, left Blalock anastomosis, and 
an ascending aorta-to-pulmonary artery graft. 
He subsequently underwent successful repair 
of pD-transposition of the great arteries, dou- 
ble-outlet right ventricle, and pulmonary 
atresia. To accomplish repair, a 20-mm woven 
Dacron tube graft was inserted between the 
ventricular septal defect and the right ventricu- 
lar outflow tract and a 20-mm tube graft con- 
taining a glutaraldehyde-treated porcine valve 
was used to connect the right ventricle to the 
main pulmonary artery. 


An 11-year-old boy (weight, 30 kg; height, 113 
cm) was admitted to the St. Vincent Medical 
Center in February, 1978, for reevaluation of 
progressive cyanosis due to multiple congenital 
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cardiac defects. When he was born (1966), a 
moderate degree of cyanosis was noted. He was 
evaluated at another institution, and the diag- 
nosis of transposition and pulmonary atresia 
was made. The patient had a Waterston shunt 
when he was 9 months old, which was soon 
found to be nonfunctional. Then a left Blalock 
anastomosis was performed within six months 
of the first operation. The patient’s general 
condition improved, and his exercise tolerance 
increased. However, he became progressively 
cyanotic and physical activity was severely 
limited by the time he was 8 years old. Repeat 
heart catheterization and cineangiocardiogra- 
phy were performed at another institution, and 
the diagnosis of pulmonary atresia with a D- 
transposition was made. Because of progressive 
cyanosis, an ascending aorta-to-main pulmo- 
nary artery shunt was performed in 1976. 
Within six months, this shunt closed and the 
patient again became progressively cyanotic. 
He was reevaluated at the St. Vincent Med- 
ical Center in February, 1978. Repeat heart 
catheterization and cineangiocardiography re- 
vealed a functioning left Blalock shunt with a 
limited orifice at the site of the anastomosis of 
the left subclavian artery to the left pulmonary 
artery. A D-transposition of the great arteries, 
double-outlet right ventricle with pulmonary 
atresia, a large ventricular septal defect, a long 
subaortic conus, and an atrial septal defect were 
found. The previously placed Waterston shunt 
and ascending aorta-to-main pulmonary artery 
shunt were occluded. 

Repair was performed with the use of car- 
diopulmonary bypass and moderate hypother- 
mia of 28°C. The patient was placed on total 
cardiopulmonary bypass, and the left Blalock 
shunt was suture-ligated. An atrial septal defect 
of 1.5 by 1.5 cm was closed with over-and-over 
suture of 5-0 Tevdek. A right ventriculotomy 
was made at the middle aspect of the right ven- 
tricular wall. A large ventricular septal defect of 
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1.8 cm by 1.8 cm was identified. There was an 
elongated right ventricular outflow tract di- 
rectly connected to the aortic annulus and aortic 
valve. There was a small dimple connected to a 
fibrous ligament leading to a hypoplastic main 
pulmonary artery, which arose from the right 
ventricle. The distance between the ventricular 
septal defect and the aortic annulus was ap- 
proximately 3 cm long. Between the aortic an- 
nulus and the ventricular septal defect, there 
was a large papillary muscle, which was con- 
nected to the tricuspid leaflet. The anatomical 
relation among the ventricular septal defect, the 
aortic annulus, and the papillary muscle at- 
tached to the tricuspid leaflet did not allow for 
use of the onlay patch method of closure. It was 
decided to utilize a tube graft to divert arterial 
blood from the left ventricle to the ascending 
aorta, rather than attempt an onlay patch from 
the ventricular septal defect to the aortic an- 
nulus. One end of a 20-mm woven Dacron graft 
was sutured around the ventricular septal de- 
fect and the other end to the subannular area of 
the aortic valve inside the right ventricular 
lumen. Another 20-mm tube graft containing a 
glutaraldehyde-treated porcine xenograft was 
sutured with 5-0 Prolene suture to the junction 
of the main and left pulmonary artery. The 
right pulmonary artery was patent, with mild 
stenosis at the site of the Waterston anas- 
tomosis. The proximal end was sutured to the 
right ventriculotomy, and cardiopulmonary by- 
pass was terminated (Figure). 

The postoperative course was uneventful, 
and the patient was discharged on the tenth 
postoperative day. Four months after the oper- 
ation, the arterial blood gases were within 
normal limits. The patient’s exercise tolerance 
had improved dramatically. 


Comment 

The approach to D-transposition of the great 
arteries and double-outlet right ventricle with 
pulmonary atresia has been to place an onlay 
patch graft from the ventricular septal defect to 
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the aortic annulus and to use a valve-containing 
tube graft from the right ventricle to the pulmo- 
nary artery, as described by Rastelli and col- 
leagues [1-4]. The present case represented an 
unusual situation, necessitating modification of 
the patch graft. The use of a 20-mm woven Da- 
cron tube graft from the ventricular septal defect 
to the aortic annulus was satisfactory in terms 
of the operative hemodynamics and the clinical 
result. There was no gradient between the left 
ventricle and the ascending aorta before the 
patient’s chest was closed. Anticoagulation was 
not employed postoperatively. It was thought 
that the use of the intracardiac tube graft was 
the procedure of choice for this patient with 
this type of cardiac anomaly. 
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Surgical Management of an 
Aneurysm of 


e Left Main Coronary Artery 


H. Weston Moses, M.D., Robert A. Huddle, Jr., M.D., Navin C. Nanda, M.D., 
Scott Stewart, M.D., and Bernard F. Schreiner, Jr., M.D. 


ABSTRACT A 28-year-old woman underwent car- 
diac catheterization three months after sustaining an 
acute anterolateral myocardial infarct. An aneurysm 
of the left main coronary artery was found at angiog- 
raphy and also was visualized by two-dimensional 
echocardiography. The patient had no evidence of 
atherosclerotic vascular disease. At operation, vein 
grafts were placed to bypass the aneurysm and the 
orifice of the left coronary artery was oversewn to 
exclude the aneurysm from the coronary circulation. 


Aneurysm of the coronary artery not due to 
diffuse atherosclerosis is a rare disease that 
most often appears as either angina or myocar- 
dial infarction (MI) in a young person. An- 
temortem diagnosis and surgical management 
of this anatomical abnormality has become 
possible since the development of coronary an- 
giography. We report the case of a young 
woman who sustained an MI and subsequently 
was shown to have an aneurysm of the left main 
coronary artery. The aneurysm could be vi- 
sualized by two-dimensional echocardiography 
and required a unique operation because of its 
relatively inaccessible location. 


A 28-year-old woman was admitted to Strong 
Memorial Hospital for elective cardiac cath- 
eterization three months after sustaining an 
anterior wall MI. It had manifested itself by in- 
termittent pressurelike chest pain radiating to 
the elbow. Twice she was seen in an emergency 
room of another hospital; an initial diagnosis of 
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nonspecific chest wall pain was made. On the 
fifth day of intermittent symptoms she returned 
to the emergency room after an episode of pro- 
longed pain and shortness of breath. An elec- 
trocardiogram documented changes of an acute 
anterolateral wall MI. ECG evolution and typi- 
cal enzyme changes including creatine phos- 
phokinase and MB fraction confirmed the diag- 
nosis. On physical examination at that time her 
pulse rate was 160 beats per minute, bibasilar 
rales were present, and a grade 4/6 holosystolic 
murmur compatible with papillary muscle dys- 
function was heard transiently. An echocar- 
diogram was normal and chest roentgenograms 
revealed a transient left lower lobe infiltrate. 
Sputum culture, lung scan, and urine vanillyl 
mandelic acid and metanephrine were normal. 
Antinuclear antibody was negative. She had an 
uneventful recovery. 

Past medical history revealed that she had 
had three uncomplicated pregnancies, the last 
one seven months before the MI, and that she 
had been on birth control pills for two months 
before the MI. No history of hypertension, dia- 
betes, lipid disorder, or smoking was obtained. 
No history of symptoms suggesting a vasculitis 
in the past could be elicited. Family history was 
unremarkable. 

On physical examination prior to catheteri- 
zation, the patient was thin and had a blood 
pressure of 110/80 mm Hg and a pulse of 86 
beats per minute. The only abnormal findings 
were bruits over both femoral arteries. 

Cardiac catheterization revealed normal pres- 
sures. The left ventriculogram demonstrated 
minimal hypokinesis of the anterior wall with 
otherwise good contractility, normal chamber 
size, and a normal ejection fraction of 0,60. 
Cardiac index was 3.47 L/min/m’. Coronary an- 
giography showed an aneurysm approximately 
0.8 by 1.5 cm arising from the left main coro- 
nary artery with a 50% stenosis of the left main 
artery distal to the aneurysm (Fig 1). The vessels 
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Fig 1. Left coronary angiogram (right anterior oblique 
view) showing the aneurysm. Multiple views confirmed 
that the aneurysm arose from the left main coronary 
artery with 50% stenosis of the artery distal to the an- 
eurysm. 





Fig 2. Left main coronary artery aneurysm as shown by 
two-dimensional echocardiogram and a line interpreta- 
tion. The echocardiogram, obtained by a mechanical 
sector scanner, views the aorta (AO) in the transverse 
plane. The aneurysm (AN), located in the proximal 
portion of the left main coronary artery, Is seen as a 
large bounded space adjacent to the AO in the 5 o'clock 
position. (CW = chest wall; LA = left atrium.) 





were otherwise normal without evidence of 
atherosclerosis. No filling defect suggesting 
thrombus was seen. M-mode echocardiography 
was normal. 

Two-dimensional echocardiogram performed 
after angiography showed a circular bounded 
space measuring approximately 1 cm in 
diameter adjacent to the aortic root in the 5 
o'clock position (Fig 2). Normally, linear parallel 
echoes from the left coronary artery are seen in 
this area. 

Other laboratory data were normal, including 
serum cholesterol and triglyceride levels, as was 
a chest roentgenogram. An exercise thallium 
201 scan was compatible with an old anterolat- 
eral wall MI and demonstrated ischemia which 
slightly worsened with exercise. Aortic arch, 
abdominal, and iliac angiography was normal. 

At operation, saphenous vein bypass grafts 
were placed to the left anterior descending 
coronary artery and to a single large marginal 
branch of the circumflex coronary artery. The 
orifice of the left main coronary artery was 
oversewn from within the aortic root. Biopsies 


A 
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of the aortic wall and of skeletal muscle at the 
time of operation were normal. The patient had 
a benign postoperative course and follow-up 
angiography demonstrated the vein grafts to be 
patent without filling of the aneurysm. She was 
discharged from the hospital on a regimen of 
aspirin and Persantine (dipyridamol) and was 
well at the time of writing. 


Comment 

The most common cause of aneurysm of the 
coronary artery is atherosclerosis [1, 2, 7, 10, 12, 
13, 26, 27, 29, 36, 40]. The next is idiopathic, 
often presumed to be congenital [3, 4, 7-9, 13, 
15, 20, 23, 29, 31, 32, 34, 37]. Whether idiopathic 
aneurysms are congenital or acquired has re- 
cently been questioned in light of evidence 
that mucocutaneous lymph node syndrome 
(MCLNS) and infantile periarteritis nodosa are 
associated with presumably acquired coronary 
artery aneurysms [6, 16, 19, 22, 24, 28, 33, 38]. In 
at least 1 young adult with coronary artery an- 
eurysm, MCLNS in childhood is suspected as 
the cause of the aneurysm [20]. No familial 
cases of coronary aneurysm have been re- 
ported. 

Other more rare causes of aneurysm of the 
coronary artery include syphilis [7] and infec- 
tion [5, 7]. One case due to trauma has been 
reported [21] as well as one suspected of being 
caused by systemic lupus erythematosus [17] 
and one by Takayasu’s arteritis [11]. The aneu- 
rysm in our patient was idiopathic and could 
have been congenital. No history suggesting 
that she had had MCLNS or periarteritis nodosa 
as a child was obtained. In view of the normal 
iliac angiography, the femoral bruits were un- 
explained. 

Patients with aneurysms of the coronary ar- 
tery diagnosed before death are initially seen 
most often with angina or MI [2, 4, 9, 12-15, 18, 
23, 30-32, 34, 36, 40]. Often no physical find- 
ings related to aneurysm are present, although 
both systolic and diastolic murmurs attributed 
to the aneurysm have been reported [14, 31, 34, 
37, 40]. In patients with coronary aneurysms 
not due to arteriosclerotic cardiovascular dis- 
ease, MI is presumably due to thrombus for- 
mation within the aneurysm, occluding the 
vessel or embolizing to the vessel distally. Sev- 


eral cases of thrombus in the aneurysm docu- 
mented postmortem have been reported [1, 2,5, 
7-10, 23, 25, 37, 40] as have some of suspected 
thrombus at angiography [31]. Rupture of the 
aneurysm with sudden death is unusual |7, 10, 
18]. 

In a few patients, chest roentgenogram has 
shown a bulge on the cardiac silhouette 15, B, 
18, 31, 37, 40] or calcium in the aneurysm [11, 
15, 25]. The aneurysm in the present patient 
was seen on two-dimensional echocardio- 
graphic examination, and, to our knowledge, 
only 1 other patient with aneurysm of the coro- 
nary artery visualized by this method has been 
reported [35]. Two-dimensional echocardiog- 
raphy is a potentially noninvasive method of 
diagnosis but its value is not yet established. 
Definitive diagnosis of aneurysm of the coro- 
nary artery is obtained by coronary angiog- 
raphy. Aneurysms may be single or multiple 
and can be found in any portion of the coronary 
vasculature. 

The surgical treatment of aneurysmal disease 
involves exclusion of the aneurysm from the 
circulation by excision or ligation and reestab- 
lishment of the blood flow with a bypass or an 
interposed graft [8, 9]. In our patient, ligation of 
the aneurysm would have been difficult be- 
cause the aneurysm was located behind the 
pulmonary artery. Consequently, separate vein 
grafts were placed to the left anterior descend- 
ing and the circumflex coronary arteries, and, to 
avoid the possibility of competitive flow and 
emboli from the aneurysm, the orifice of the left 
main coronary artery was oversewn. Post- 
operative angiography demonstrated total oc- 
clusion of the left main orifice and no evidence 
of retrograde filling of the aneurysm when the 
vein grafts were injected. 

Kitamura and co-workers [20] reported on a 
26-year-old Japanese man who had multiple an- 
eurysms of the left main and left anterior de- 
scending coronary arteries. At operation, 
saphenous vein bypass grafting was done, but 
without exclusion of the aneurysm. 

In summary, our patient was first seen with a 
rare disease, idiopathic aneurysm of the left 
main coronary artery, with some unusual fea- 
tures. The aneurysm could be visualized on two- 
dimensional echocardiography, its distal end 
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had an unexplained stenotic area, and its loca- 
tion required a unique surgical operation. 


Addendum 


Since acceptance of this manuscript for publication, 5 
cases of coronary artery aneurysm visualized by 
two-dimensional echocardiography have been re- 
ported [39]. 
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Takayasu’s Arteritis: Surgical Considerations 


Robert S. Bloss, M.D., J. Michael Duncan, M.D., Denton A. Cooley, M.D., 
Louis L. Leatherman, M.D., and Mark J. Schnee, M.D. 


ABSTRACT Takayasu's arteritis, the nonspecific 
occlusive disease originally believed to affect young 
Oriental women exclusively, was identified in a 19- 
year-old man who had severe involvement of the 
aortic arch and its branches. Successful surgical 
treatment was accomplished with a bypass from the 
ascending aorta to the supraceliac abdominal aorta 
using a tube graft. The right vertebral artery, as the 
single patent vessel reaching the head, was revas- 
cularized distal to the stenosis with a tube graft that 
extended from the aortic graft. Revascularization of 
ischemic organ systems and body areas may be ac- 
complished in most patients with Takayasu’s ar- 
teritis using the bypass concept and fabric conduit 
grafts. 


Takayasu's arteritis is a nonspecific occlusive 
disease that can affect the aortic arch, descend- 
ing thoracic and abdominal aorta, the major 
aortic branches, and even the pulmonary artery 
[5-9, 11]. The many names attributed to varia- 
tions of this disease, i.e., pulseless disease [16], 
aortic arch syndrome [14], atypical coarctation 
[6], and Martorell’s syndrome [10], underscore 
the lack of both a unifying pathogenetic mech- 
anism and strict diagnostic criteria. 

The disease was described by Savory [15] in 
1856 but came to be associated with Takayasu 
[17] who, in 1908, discussed the ocular changes 
and symptoms with which it is often asso- 
ciated. Although Takayasu’s arteritis was origi- 
nally believed to affect young Oriental women 
only, numerous cases have been reported dur- 
ing the last two decades involving men as well 
as women outside the Orient |1, 7, 9]. Certain 
characteristics of the vessel involvement pre- 
sent a challenge in the surgical management of 
the disease. A young man treated recently at the 
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Texas Heart Institute typifies these considera- 
tions. 


A 19-year-old carpenter was hospitalized after 
two episodes of spontaneous, severe left chest 
pain that radiated to the left arm and lasted 15 
minutes before completely subsiding. He also 
complained of dizziness when gazing upward. 
When he was 2 years old, he had been hos- 
pitalized for two and one-half months because 
of a series of severe skin lesions which became 
necrotic, slowly spread from the left arm, and 
eventually involved the entire body except the 
head. Despite high fever, wound cultures were 
negative for pyogenic bacterial growth. Several 
courses of treatment with antibiotics were not 
helpful. The patient gradually improved, and 
the wounds healed with residual diffuse cuta- 
neous scarring. Two months after the illness, a 
murmur was heard in the left upper chest. 
Further evaluation was refused by the parents 
at that time. The patient then had a normal 
childhood and adolescence, except for fatigue of 
the upper extremities on heavy exertion, until 
the present symptoms occurred. 

Physical examination at this admission re- 
vealed a thin man who was 180 cm tall and 
weighed 59 kg. Blood pressure was 110/70 mm 
Hg in both arms and 180/80 mm Hg in both 
legs. Diffuse scarring over the entire body 
below the head had a peculiar latticework ap- 
pearance with raised 1-mm ridges. No pulses 
were palpable in the neck. Pulses in the upper 
extremities were notably diminished, but those 
in the lower extremities were normal. Physical 
examination of the chest revealed mild car- 
diomegaly, with a grade 3/6 systolic murmur 
heard best in the left upper chest. The results of 
neurological and ocular examination were nor- 
mal. An electrocardiogram revealed evidence of 
left ventricular hypertrophy, and a roentgeno- 
gram of the chest demonstrated prominent 
notching of the ribs. Cardiac catheterization 
disclosed normal coronary arteries. An arch 
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Fig 1. Preoperative angiogram and line interpretation 
showing the extent of vascular occlusion in a patient 
with Takayasu's arteritis. 


aortogram demonstrated total occlusion of both 
common carotid and subclavian arteries at their 
origins (Fig 1). A large right vertebral artery, 
with 60% proximal stenosis, led off from the 
diffusely stenotic innominate artery and was 
the only patent vessel reaching the head. The 
intracranial vessels were filled through the cir- 
cle of Willis from the vertebral artery. The aorta 
was stenotic in a tapered manner at the level of 
the aortic arch, and there were prominent inter- 
costal collaterals. Results of abdominal aortic 
and selective renal arteriograms were normal. 
Operation was performed through a median 
sternotomy that extended superiorly into the 
right neck and inferiorly to the umbilicus (Fig 
2). Dissection revealed evidence of previous 
arteritis with fibrosis and no palpable pulses in 
the great vessels except in the innominate ar- 
tery leading to the right vertebral artery. There 
were no palpable plaques. With a partially 
occluding atraumatic clamp on the ascending 





aorta, a 16-mm woven low-porosity Dacron 
tube graft* was anastomosed to the ascending 
aorta. The graft was then passed to the right of 
the right atrium, ventral to the inferior vena 
cava, and through a T-shaped opening made in 
the fibrous portion of the diaphragm. A par- 
tially occluding clamp was placed on the previ- 
ously exposed supraceliac portion of the ab- 
dominal aorta, and the distal graft was sutured 
in place [19]. Revascularization of the right 
vertebral artery was achieved by anastomosing 
an 8-mm woven Dacron tube graft* proximally 
to the aortic graft (parallel to the course of the 
innominate artery) and to the right vertebral 
artery, distal to its stenotic portion. 

No neurological problems developed despite 
occlusion of the right vertebral artery for 15 
minutes while the anastomosis was being com- 
pleted. The patient’s recovery was uneventful, 
and follow-up angiography revealed patent 
grafts (Fig 3). 


*Meadox Medicals, Inc., P.O. Box 5307, Oakland, NJ 
07436. 
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Median sternotomy extenced 
up the right neck 





Fig 2. The surgical approach. Note the single vascular 
supply to the brain through the right vertebral artery. 





Fig 3. Postoperative angiogram and line interpretation 
showing effective bypass grafting from the ascending 
aorta to the abdominal aorta and right vertebral artery. 
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Fig 4. Types of vascular involvement in Takayasu's ar- 
teritis. 


Comment 

The different nomenclature given the non- 
specific arteritis of Savory and Takayasu is 
confusing. Judge and co-workers [7] recom- 
mended restricting the name to “Takayasu’s 
arteritis” until the cause of the disease is firmly 
established. Three types of vascular involve- 
ment were described by Edmunds [5] (Fig 4). In 
type I, disease is confined to the aortic arch and 
its branches (50% of patients). In type IJ, the 
entire aorta and its large branches are involved 
(30%). In type II, disease is limited to the distal 
thoracoabdominal aorta (10 to 15%). Lupi and 
colleagues [8] added a fourth type which may 
involve any of the features of the other types in 
addition to the pulmonary artery. Careful 
evaluation of pulmonary angiograms may re- 
veal this fourth type to include as many as 45% 
of patients [9]. 

Although the etiology of the disease remains 
unclear, tuberculosis [9], autoimmune factors 
[11], rheumatic diseases [1], and syphilis [12] 
have been implicated. Histologically, the entire 
thickness of the vascular wall is involved in a 
severe, chronic inflammatory process. 

Two-thirds of the patients with the disease 

e experience an acute phase characterized mainly 
by systemic and cardiovascular symptoms. The 


Type IV 
(?up to 45%) 


aV j) 


patient is usually between 11 and 30 years old at 
onset of the disease, but it has been described 
in younger children and elderly people [5, 7, 9, 
18]. Several hundred cases have been reported, 
with a female predominance (8.5:1) in all series. 
Symptoms that often herald the onset of the 
disease include fever, malaise, anorexia, ar- 
thritis or arthralgia, dyspnea, and headache 
[9, 11]. A history of previous tuberculous in- 
fections is reported by 50% of the patients 
[9]. Various skin manifestations, including 
erythema multiforme, erythema nodosum, or 
Bazin’s erythema induratum, may occur early 
in the course of the disease [1, 7, 9]. Severe skin 
lesions and fever were the early manifestations 
in our patient. 

The acute phase often is accompanied or fol- 
lowed by symptoms of ischemia. Evidence of 
cerebral and ocular impairment, such as dizzi- 
ness, syncope and decreased visual acuity, with 
or without cataracts, may supervene. More than 
90% of the patients have palpable pulse deficits 
and vascular bruits at various anatomical sites 
[9]. Hypertension is common, especially when 
the renal arteries are involved, and may occur 
only in the lower extremities. The term reverse 
coarctation has been used to describe this con- 
dition. Early fatigue of the masticatory and 
upper extremity musculature may develop. 
Most patients have electrocardiographic ab- 
normalities and left ventricular hypertrophy, 
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and some complain of severe angina [9]. Rib 
notching may be evident on chest roentgeno- 
grams, and superficial collateral vessels visible 
on the trunk [1, 5, 9]. 

The clinical course of the disease is one of 
gradual deterioration. Because of the early age 
and insidiousness of onset and the gradual de- 
velopment of extensive collaterals, occlusive 
disease is often advanced when the patient con- 
sults a physician. The vertebral arteries can be 
the only supply of blood to the head, which 
demonstrates the special importance of an in- 
tact circle of Willis in these patients [1]. Pulses 
often are notably diminished in the upper ex- 
tremities and prominent in the lower. Abdomi- 
nal bruits may be heard. The lethal or crippling 
sequelae of this disease have been emphasized 
[1, 11]. 

Although corticosteroids reportedly have 
been helpful in treatment of patients with acute 
manifestations of the disease, there is little evi- 
dence in favor of their use in patients with the 
chronic form [1, 9]. At the time of surgical 
evaluation, patients usually exhibit hyperten- 
sion or ischemia resulting from the chronic na- 
ture of the disease. 

Operation for treatment of renal artery in- 
volvement in patients with hypertension often 
is unsuccessful. Renal artery bypass grafts 
commonly occlude; and in one series, even ne- 
phrectomy was ineffective in 50% of patients 
who had unilateral renal artery lesions [9]. 
Fortunately, most patients with hypertension 
caused by Takayasu’s arteritis respond well to 
medical management. 

Bypass grafting should be performed in pa- 
tients with occlusive disease of the aortic 
arch and its branches. Thromboendarterectomy 
usually is unsuccessful because of the non- 
atherosclerotic, fibrotic nature of the dis- 
ease [2]. The proximal nature of the disease pro- 
cess and lack of distal involvement, however, 
allow bypass grafting of the involved vessels. 
Several patients were reported who may have 
had Takayasu’s arteritis and were treated with 
bypass grafts from the ascending aorta [4]. The 
grafts reportedly showed no tendency toward 
occlusion. According to Austen and Shaw [2], a 
knitted Dacron graft from the ascending aorta to 


both common carotid arteries remained patent - 


for three years in a 28-year-old Chinese woman. 
Riehl and Brown [13], however, reported post- 
operative thrombosis of an initially successful 
graft. 

The >atency of the grafts in our patient serves 
to support this technique as a useful surgical 
approzch in treating patients with this enigma- 
tic disease. We have found that a bypass from 
the ascending aorta to the abdominal aorta can 
be helpful in patients with complex obstruc- 
tions af the aortic arch [19]. We have also used 
the sidraceliac abdominal aorta as a bypass site 
in patients with left ventricular outflow tract 
obstrcction [3]. The graft, which includes a 
prost-etic valve, is placed from the left ven- 
triculer apex to the abdominal aorta above the 
celiac axis. 

In cur patient the ascending aorta-to-abdom- 
inal aortic graft proved a useful conduit 


‘for Evpassing occlusive disease of the aortic 


arch. In addition, the high-flow, low- porosity 
graft was readily accessible as a proximal anas- 
tomczic site for the bypass to the right vertebral 
artery. Although this single patent artery to the 
brain was totally occluded for 15 minutes, no 
neurological deficits resulted. Apparently, ex- 
tensive collaterals continued to supply the 
brai during clamping, and there may also 
have been previous cerebral adaptation to the 
chranic hypoperfused state. 

The proximal nature of vascular involvement 
and the availability of satisfactory prosthetic 
anc. autogenous grafts have set the stage for 
imazinative and successful revascularization. 
We believe aggressive surgical therapy using 
the pypass principle is indicated in patients 
with advanced stages of Takayasu’s arteritis. 
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COLLECTIVE REVIEW 


Ventricular Septal Defect 


Following Myocardial Infarction 


Berkeley Brandt, II, M.D., Creighton B. Wright, M.D., 


and Johann L. Ehrenhait, M.D. 


ABSTRACT Review of the literature since 1970 re- 
vealed more than 200 patients who had a ventricular 
septal defect following myocardial infarction and 
underwent operation. Pathogenesis and diagnosis 
are discussed. The primary therapy is operative re- 
pair, which is considered from the standpoint of ap- 
proach, timing, technique, concomitant coronary 
artery bypass, mortality, and long-term survival. 
Operative mortality in those patients operated on 
less than 3 weeks following perforation remains 
high (40%) but when it is possible to wait 3 weeks, 
there is a marked decrease in mortality (6%). Several 
general principles have evolved for the care of these 
patients. (1) Operation should be deferred until 3 
weeks after infarction if possible. (2) The intraaortic 
balloon allows preoperative evaluation of the patient 
with clinical hemodynamic deterioration in the early 
postinfarction period. (3) The incision should be 
placed through the infarct. (4) Associated coronary 
artery or mitral valve disease should be repaired as 
well. 


Acute perforation of the interventricular sep- 
tum is a rare complication of myocardial infarc- 
tion. Recent advances in diagnosis and surgical 
treatment of this complication have changed it 
from a medical curiosity to a treatable lesion 
with a good long-term prognosis. Latham [33] 
provided an anatomical description of this le- 
sion in 1845, but it was not until 1923, that a 
diagnosis was made antemortem [4]. By 1934, 
Sager [43] had collected 18 cases of perforation, 
all of which were identified at postmortem ex- 
amination. He stressed the physical findings of 
shock and a harsh systolic murmur usually as- 
sociated with a systolic thrill, and found that 
the left anterior descending coronary artery was 
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usually thrombosed and that the posterior de- 
scending branch had notable disease as well. It 
was not until 1957 that repair of a ventricular 
septal defect (VSD) following myocardial in- 
farcticn was reported [8]. In 1971, Kitamura and 
co-werkers [32] reviewed the literature and 
found more than 300 patients with VSD, 65 of 
whom underwent an operative procedure. This 
history is summarized in Table 1. 


Pathcgenesis 
Perfo-ation of the myocardium following myo- 
cardial infarction is secondary to massive mus- 
cle n2=crosis and almost always occurs within 
the first 2 weeks following infarction. In a re- 
view by Selzer and associates [47], the average 
time of appearance was 2.6 days after the in- 
farct. This correlates well with the histological 
findings of Mallory and White [38], who re- 
ported that necrosis of the muscle was the pre- 
dominant feature from the fourth day to the end 
of the third week. Repair by connective tissue 
was demonstrable on the sixth or seventh day, 
but was not a striking feature until the third 
week. Five weeks were required for cica- 
trizazion to develop to a sufficient extent to pre- 
veni rupture. Healing by vascularized scar tis- 
sue could be observed from the eighth week on. 
These findings correlate well with the prog- 
nosis of repair and recurrence of VSDs follow- 
ing repair in the early stage before adequate 
connective scar tissue has developed. Although 
probably of secondary importance, hyperten- 
sion also has been implicated in the pathogene- 
sis of cardiac rupture [13, 44, 54]. 

Az postmortem examination, the overall inci- 
denze of cardiac rupture following fatal myo- 
carcial infarction is approximately 10%, but 


the incidence of perforation of the interventric- 


ular septum, as reported by Lundberg and 
Soderstrom [37], is only 1 to 2%, despite an 
equal number of infarcts in the anterior, poste- 
rior, and septal portions of the heart. This dif- . 
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Table 1. History 


Year Author(s) Event 


1846 Latham [33] Description of septal 
rupture after an in- 


farct 

Antemortem diagnosis 

Review of 18 patients 

Operation on patient 
with acute pos- 
teroseptal infarct; 
death, 45 days after 
operation 

Review of 300 patients 
with VSD (65 oper- 
ated on) 

Report of 43 patients 
operated on with 
overall mortality of 
39% 


1923 Brunn [4] 
1934 Sager [43] 


1957 Cooley and co- 
workers [8] 


1971 Kitamura and 
co-workers [32] 


1977 Daggett and co- 
workers [11] 


VSD = ventricular septal defect. 


ference has not been explained adequately but 
several suggestions have been made. First, the 
pressure gradient between the pericardium and 
left ventricle is higher than the gradient be- 
tween the right and left ventricles. Second, 
there is a rich supply of collateral circulation 
within the septum. Third, the incidence may be 
falsely low because of the difficulty in iden- 
tifying a small septal perforation. 

Once perforation has occurred it is usually 
poorly tolerated because it is almost always as- 
sociated with a larger transseptal infarction, 
with extension of the infarct onto the free wall 
of the left ventricle. There is often either an an- 
eurysm of the left ventricle or left ventricular 
dysfunction and failure [47]. Large congenital 
defects are tolerated because of the postnatal 
adaptive process, but in adults with normal 
pulmonary vascular resistance, acute septal 
perforations are associated with a larger left- 
to-right shunt. This is tolerated poorly, par- 
ticularly in the face of other cardiac disease 
such as aneurysm formation and recent infarc- 
tion [47]. 

Anatomically, the majority of acute ventricu- 
lar ruptures occur anteriorly in the lower apical 
portion of the ventricular septum. Swithinbank 
[50] found 66% of ruptures to be in this portion; 
17%, in the posterior portion; 13%, in the mid- 
dle portion. This correlates with the anatomy of 


the blood supply of the septum and the higher 
incidence of occlusion of the left anterior de- 
scending coronary artery. Kahn and colleagues 
[25] pointed out that posterior VSDs are usually 
larger and can result in a true disinsertion of the 
entire posterior septum and are therefore more 
challenging surgically and more hemodynami- 
cally significant [11, 49]. 


Diagnosis and Clinical Evaluation 

The diagnosis of a perforated interventricular 
septum can be suspected at physical examina- 
tion when a loud harsh systolic murmur is 
noted over the lower left sternal border. Selzer 
and associates [47] found that the murmur is 
located just as frequently in the apical area as in 
the lower or left midsternal border, and that 
radiation to the axilla was common. This is re- 
lated to the fact that the jet is directed poste- 
riorly and inferiorly. 

The location of the murmur makes the differ- 
ential diagnosis one of septal perforation versus 
rupture of the papillary muscle and subsequent 
mitral insufficiency. The electrocardiogram is of 
value only in diagnosing the antecedent acute 
myocardial infarction, usually with septal in- 
volvement [44]. Conduction defects have been 
infrequent [47], but Sanders and co-workers 
[44] did show a high incidence of right 
bundle-branch block. No electrocardiographic 
prognostic indicators of impending perforation 
associated with the septal infarctions have been 
reported [34, 44]. The chest roentgenogram 
shows pulmonary vascular congestion second- 
ary to both pulmonary venous hypertension 
due to left ventricular failure and pulmonary 
artery plethora due to the left-to-right shunt 
[18]. 

Cardiac catheterization confirms the diag- 
nosis and allows quantification of the shunt. 
Selzer and co-workers [47] found shunts rang- 
ing from 1.9:1 to 4.3:1, with abnormal elevation 
of left and right atrial pressures. Right ven- 
tricular pressures were not elevated above sys- 
temic pressure in any instance, as is some- 
times seen with congenital defects. Simple right 
heart catheterization can be diagnostic, but re- 
cent experience has indicated that left heart and 
coronary angiograms in particular are necessary 
for planning complete surgical treatment of this 
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disorder [11]. Meister and associates [39] re- 
ported the use of a Swan-Ganz flow-directed 
catheter to measure right ventricular oxygen 
saturations and thereby confirm the diagnosis 
of perforated ventricular septum at the bedside. 
This technique has been used by others in 
emergency situations [11, 18], but has the dis- 
advantage that it does not provide any infor- 
mation regarding left ventricular function and 
possible aneurysm formation or coronary artery 
anatomy. Variations of this technique have 
been reported by Yatteau and Orgain [56] who 
used a hydrogen-sensitive platinum tip elec- 
trode and by Gustafson and colleagues [17] who 
used external vascular isotope dilution curves 
to differentiate septal rupture from mitral re- 
gurgitation. 

Echocardiography has been utilized in the 
noninvasive diagnosis of acute ventricular sep- 
tal defect. Kalmanson and co-workers [26] stud- 
ied 5 patients with acute ventricular septal de- 
fect by evaluating the jugular venous blood 
flow velocity with a directional Doppler. They 
found characteristic anomalies of the blood flow 
pattern and proposed that these were due to a 
functional disorder in the behavior of the 
tricuspid valve. Chandraratna and associates [6] 
found that the septal motion by echo was.nor- 
mal and the only salient echocardiographic 
anomaly was dilatation of the right ventricle. 
One patient also demonstrated closure of the 
mitral valve after its initial opening and then 
reopening, suggesting increased flow through 
the mitral valve. Kerin and co-workers [29] 
were able to demonstrate septal discontinuity 
below the atrial ventricular junction. At opera- 
tion this proved to be the area of the septal de- 
fect. 


Medical Treatment and Natural History 

-Oyamada and associates [42] found that 24% of 
the patients with acute perforation died within 
the first 24 hours, 65% in 2 weeks, and 81% 
within two months. Only 7% lived more than 
one year. Sanders and colleagues [44] found 
that 50% were dead within 1 week and only 
13% lived more than two years. Jeresaty and 
co-workers [23] reported 1 patient who sur- 
vived more than two years and died of noncar- 
diac causes. However, this is rare and the 


majority of patients die within two months of 
perforacion. Medical treatment has not im- 
proved prognosis since vasopressors tend to in- 
crease the left-to-right shunting. The aim of 
current medical therapy has been to reduce left 
ventricular afterload in an effort to decrease the 
left-to-right shunting. Tecklenberg and col- 
leagues [51] reported 2 patients in whom the 
left-to-right shunt was decreased by reducing 
the afterload with nitroprusside. One patient 
still required operation within 5 days but the 
other was able to be supported and operation 
was delayed 4 weeks. Daggett and associates 
[11] crampion the use of the intraaortic balloon. 
However, they stress that it is a temporary mea- 
sure, which improves the cardiac performance 
so that the patient may undergo catheterization 
and Ee prepared for operation. Babb and as- 
sociates [2] decreased the shunt by increasing 
righz ventricular afterload by obstructing the 
outflcw of the right ventricle with a balloon 
cathe-er. This did decrease the amount of left- 
to-right shunting in the experimental model, 
but pharmacological support with dopamine 
was required to maintain adequate cardiac out- 
put. This, also, is a temporary measure that 
might allow stabilization of patients in prepa- 
ration for operative intervention. 


Surgical Therapy 

Since the report of Cooley and associates [8] in 
1957 concerning repair of a ruptured ventricular 
septum, more than 200 patients have been 
treated surgically for rupture of the intraven- 
tricular septum. This review was undertaken to 
look. at several points: (1) preferred approach; 
(2) concomitant resection of ventricular aneu- 
rysna; (3) timing of operation; (4) preferred 
technique of closure; (5) concomitant coronary 
arte-y bypass graft; (6) operative mortality; (7) 
long-term survival; and (8) prophylactic use of 
the intraaortic balloon. 


Surgical Approach 

Cocley and associates [8] and other researchers 
[32] approached the VSD initially through the 
right ventricle, as had been done for congenital 
lesions. Later, Kitamura and co-workers [32] 
advocated the left ventricular approach because 
it offers better exposure than that obtained from 
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Fig 1. The ventricular septal defect (VSD) as viewed 
from the right ventricle demonstrating the trabeculae 
that must be divided to fully expose the defect. 


Table 2. Incidence of Recurrent VSD following 
Repair from Different Approaches (Reported Since 
1970) 


No. of No. of 
Approach Repairs Recurrences 
RV 17 7 (41.2%) 
LV 62 7 (11.3%) 
Posterior 15 3 (20%) 
Total 94 17 


VSD = ventricular septal defect; RV = right ventricle; LV = 
left ventricle. 


the right ventricular side since the septal defect 
could be concealed by the trabeculations of the 
right ventricular cavity (Fig 1). In their review, 
they reported a recurrence or residual shunt 
rate of 46%, and the majority of these patients 
were repaired through a right ventricular ap- 
proach. In our review of the literature since 
1970, we could find only 17 reports of recur- 
rence [3, 5, 7, 9—12, 14-16, 18-20, 22, 24, 25, 27, 
30, 35, 36, 40, 41, 46, 49, 52, 53, 55]. The recur- 
rence rate in the group repaired from the left 
ventricle was 11% and from the right, 41% 
(Table 2). Other factors such as primary closure 
versus patch closure and timing of the operative 
repair should probably also be considered in 
evaluating recurrence of the VSD. However, 
there are other hemodynamic reasons for the 


Division of 
trabeculae 


left ventricular approach. As Selzer and co- 
workers. [47] stressed in 1969, left ventricular 
dysfunction, and in particular, left ventricular 
aneurysm, plays an important role in the 
pathogenesis of cardiac failure in these pa- 
tients. Kay and colleagues [28] and others [31] 
have shown an improvement in left ventricular 
function following excision of an akinetic area 
or an aneurysm of the left ventricle. Hence, not 
only is an incision in viable right ventricular 
muscle avoided, there is improvement in the 
mechanical function of the left ventricle. 
Shumacher [49] also advocated the left ven- 
tricular approach but pointed out that for poste- 
rior VSD, an approach through the posterior 
right ventricle provided better exposure of this 
type of uncommon defect (Fig 2). From these 
early experiences has evolved the present 
method advocated by Daggett and colleagues 
[11]—to approach the VSD through a ven- 
triculotomy placed through the center of the 
infarct area, whether that site be in the anterior 
or posterior section of the heart, or the right or 
left ventricle, and to perform concomitant re- 
section of the ventricular aneurysm (Fig 3). 


Timing 

Timing of the operative intervention has been 
influenced by the classic description of Mallory 
and colleagues [38] of healing following myo- 
cardial infarction. Repair by connective tissue 
is not evident until the sixth or seventh day and 
is not a striking feature until after the third 
week. Five weeks are required for adequate 
healing and formation of scar tissue that will 
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Trabeculae 
of RV 


Fig 2. Exposure of a posterior ventricular septal defect 
through either the right (RV) or left ventricle. The 
example shows an RV approach and repair. This type of 
defect can result in posterior disarticulation of the sep- 
tum, which necessitates suturing the septum through 
the wall of the RV. (a. = artery.) 


hold sutures. Because of this and the high inci- 
dence of recurrence as reported by Kitamura 
and co-workers [32], it was thought that opera- 
tive intervention should be delayed until 6 to 8 
weeks following infarction, when possible. 
However, the high early mortality of this lesion 
rarely permits such a delay [42, 44]. In the series 
of 43 patients reported by Daggett and co- 
workers [11], 21 required operation within 3 
weeks of infarction and only 8 could be delayed 
beyond 6 weeks. In our review since 1970, more 
than 50% of the patients required operation 
within 3 weeks of infarction [3, 5, 7, 9-12, 
14-16, 18-20, 22, 24, 25, 27, 30, 35, 36, 40, 41, 
46, 49, 52, 53, 55] (Table 3). This need for early 
operation at a time when the septum will not 
hold sutures has led to the development of 
some ingenious surgical techniques. 


Posterior 
descending a. 


Technique 

Shickman and colleagues [48] approximated the 
right ventricular wall to good septum without 
cardiopulmonary bypass in 1958. Cooley and 
colleagues [8] repaired a VSD with a polyvinyl 
sponge. To decrease the chance of recurrence, 
Allen and Woodwark [1] used a patch fixed 
with an inner row of interrupted horizontal 
mattress sutures and an outer row of continu- 
ous suture from the right ventricular side (see 
Fig 3). Daggett and co-workers [11] amputated 
the apex of the heart to include the VSD in the 
aneurysm (Fig 4), transposed the septum to the 
right ventricular side, and used a modification 
of the double-patch technique advocated by 
Iben and associates [20, 21] (Figs 5, 6). It seems 
clear that in these early lesions some sort of 
buttressing technique with a patch is indicated. 
In addition to patching the septum, Daggett 
and co-workers [11] also advocated patching the 
ventriculotomy when a large segment of ven- 
tricular wall must be removed. With this tech- 
nique, they reported 3 survivors with inferior 
or posterior myocardial infarction. 
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Fig 3. The ventricular septal defect (VSD) as viewed 
from the left ventricle. Part Al shows simple suture cls- 
sure and A2, simple suture closure over pledgets. Part B1 
illustrates closure with a Dacron patch reinforced with 
pledgets in the right ventricle, and B2 and B3 show the 
addition of an outer row of continuous suture. 


Table 3. Operative Mortality? 





Repair within 3 Weeks Repair after 3 Weeks 
Totals Before 1970 After 1970 Before 1970 After 1970 
No. of 21 54 37 51 ° 
Patients 
Deaths 15 (71%) 22 (40%) 16 (48%) 3 (6%) 


*Operative mortality in patients repaired within 3 weeks of diagnosis compared with those repaired after 3 weeks since 
1970. The same comparison is done for the period before 1970, based on the findings of Kitamura and associates [32]. 
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Plane of resection 


Fig 4. Amputation of the apex of the heart, which con- 
tains the ventricular septal defect, and subsequent clo- 
sure. 


infarct 





Fig 5. Resection of an apical aneurysm and transposi- 
tion of the septum to the right. 


Coronary Artery Bypass Graft 

ang Mitral Valve Replacement 

Although not uniformly accepted, most authors 
advocate concomitant coronary artery bypass 
grafting at the time of closure of the VSD. In 
their series, Daggett and colleagues [11] did not 
show any difference in mortality between those 


1979 


` z 


KAAN 


patients who received a graft and those who did 
not. Kaplan and associates [27] thought that 
there was substantial risk in cardiac catheteri- 
zation in patients with acute VSD. Because of 
the urgency of the clinical situation they did not 
believe all patients needed to be catheterized. 
They stated that although it was not possible to 
be cafinite about which patients need coronary 
revescularization, it was of no value in 3 of their 
patients. 

Ir. 1969, Selzer and co-workers [47] reported 


- 
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Fig 6. A double-patch closure. 


that the differential diagnosis between VSD 
and acute mitral insufficiency due to papillary 
muscle rupture was rarely necessary because 
anyone that survived more than 2 days did not 
have ruptured papillary muscle. However, 
since that time at least 4 patients have under- 
gone concomitant mitral valve replacement 
with repair of perforated ventricular septum 
and survived [11, 35, 46]. 


Mortality 

With improved techniques and better under- 
standing of pathophysiology there has been a 
dramatic improvement in operative mortality. 
The overall mortality before 1970 was more than 
50% [32]. In the recent series of Daggett and 
co-workers [11] overall mortality was only 18%. 
The most important factor, however, continues 
to be timing of the operation. In our review 
since 1970, we found 54 patients who had been 
operated on less than 21 days after infarct, with 
a 40% operative mortality, and in 51 patients 
operated on after 21 days, the operative mor- 
tality was approximately 6% (see Table 3) [3, 7, 
9-12, 14-16]. 

Long-term survival appears to be good, with 
the majority of patients returning to active life 
following discharge from the hospital. In 
Schechter’s [45] series, the late death rate was 
6.7%. Daggett and colleagues [11] reported that 
18 of their 19 surviving patients were in New 
York Heart Association Functional Class I or II. 
They had 5 late deaths in the series; 2 were the 
result of noncardiac causes. 


Comment 
After this review, we were not able to answer 
with certainty such questions as whether con- 


comitant coronary artery bypass grafts should 
be done or whether the intraortic balloon 
should be used in all patients. However, many 
surgical techniques have been introduced that 
allow this lesion to be surgically repaired when 
the clinical situation dictates. The recent oper- 
ative mortality makes this repair an acceptable 
procedure. In general, we agree with the fol- 
lowing conclusions of Daggett and co-workers 
[11]: (1) defer operation, if possible, until at 
least 3 weeks after the infarction; (2) use the 
intraaortic balloon to allow preoperative defi- 
nition of coronary and ventricular anatomy in 
patients with clinical hemodynamic deteriora- 
tion; (3) place the incision through the middle 
of the infarct and resect the infarct; and (4) re- 
pair any associated diseased coronary artery 
or mitral valve. Although the experience of 
Daggett and his colleagues [11] and their excel- 
lent results with this catastrophic event must be 
respected, further experience with excision of 
the ventricular free wall with prosthetic re- 
placement is required. 
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CORRESPONDENCE 


Pacing at a Very Short Pulse Width 
To the Editor: 


I would like to compliment Dr. Tobias on his excel- 
lent article “Pacing at a Very Short Pulse Width” [2]. 
He has established that chronic pacing can be ac- 
complished at a pulse width of 0.3 msec without spe- 
cial electrodes br techniques and has provided very 
useful actuarial survival figures for pacemaker pa- 
tients, pacemakers, and electrodes. However, the 
final statement in the absiract—“a standard 
mercury-zinc pulse generator remaihs an acceptable 
alternazive in selected patients”—is not supported by 
his data. Standard in this sense means nonher- 
metically sealed. The hit-and-miss reliability of non- 
hermetic mercury-zinc pacers is well illustrated by 
a comparison between Dr. Tobias’s results with the 
5931, 5951 series and the disheartening results with 
the Xytron 5950, 5951 series, which are, to quote To- 
bias, “comparable in many respects” to the units he 
studied. Even the admittedly good results with the 
Medtronic 5931, 5961 series are significantly less 
satisfactory than the 99+% monthly reliability rate 
achieved to date by the hermetically sealed solid- 
state lithium cell powered pacers of Cardiac Pace- 
makers, Inc., Intermedics, and Telectronics [4]. Ac- 
cording to Dr. Tobias, “the patient mortality [yearly] 
of 6% speaks eloquently of the need for a long-lived 
pacing system.” Recently, it has been repeatedly and 
disastrously demonstrated that no nonhermetic 
pacemaker can meet this need [1, 3], and Dr. Tobias’s 
aside zo the contrary, prominently displayed at the 
end of his abstract, detracts from the otherwise fine 
quality of his paper. 

As a final point, nonhermetically sealed mercury- 
zinc pacers do initially cost less than hermetically 
sealed state-of-the-art units, but they are not “a 
lower-cost alternative,” as Dr. Tobias stated on page 
31. First, predictability of patient longevity is always 
fraught with inaccuracy and moral and legal hazards. 
Who should have a “cheap” life support system? 
Second, the costs of follow-up monitoring, rehos- 
pitalization, and reoperation are all much higher 
with nonhermetic mercury-zinc systems (mean 
functional life of approximately two years) than with 
solid-state lithium systems (mean proven functional 
life in excess of five years). Nonhermetic pacing sys- 
tems have necessitated the recall of more than 50,000 
pacers in the last few years with disastrous costs, 
both financial (for the companies, taxpayers, and 
other third-party payees) and personal (for the pa- 
tients, families, and physicians involved). The con- 
tinued use of nonhermetically sealed pacemakers 
should not be recommended. 


G. Frank O. Tyers, M.D. 


Division of Cardiovascular and Thoracic Surgery 
The University of Texas Medica! Branch 
Galveston, TX 77550 
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Propranolol and Coronary Revascularization 


To the Editor: , 
In a rezent study (Ann Thorac Surg 26:222, 1978), 
Boudoulas and co-workers support the view that 
proprazolol can be safely continued in patients with 
coronaty artery disease during coronary revascular- 
ization Although we have employed propranolol 
successfully before and during operation in selected 
patients, we are concerned about the proper selection 
of inotropic agents in the presence of beta blockade. 
Our -aboratory investigations in chronically beta- 


- blockec. dogs indicate that none of the standard ino- 


tropic agents are satisfactory when used individually. 
Isoproterenol can produce beta effects if adminis- 
tered ia amounts that are 5 to 30 times the standard 
doses, dut also results in relative hypotension due to 
peripheral vasodilatation. Mixed alpha and beta 
agonists, such as dopamine, dobutamine, and epi- 
nephrine, are relatively unsatisfactory. Enhanced 
alpha adrenergic effects tend to cause hyperten- 
sion and reduce cardiac output. In our laboratory 
studies, the most satisfactory combination of drugs 
tested to date is dopamine (10 wg per kilogram per 
mir.utz) and isoproterenol (0.40 wg per kilogram per 
minute). This combination, in the presence of 
chroni? beta blockade in dogs, has effects quite 
similar to dopamine alone in controls. 

Although we do not have extensive experience 
with the administration of catecholamine mixtures to 
beta-blocked patients, we believe the results of our 
studies are useful for surgeons who encounter severe 
heart failure in the presence of propranolol. Through 
relative titration of two drugs, it may be possible to 
achieve a salutary balance of alpha and beta effects 
that otherwise could not be achieved. 


G. Jawes Avery, II, M.D, 
Alani Benvenisty, M.D. 
Heary M. Spotnitz, M.D. 


Devar-ment of Surgery 

Cofuntbia University College of Physicians and Surgeons 
630 ‘A 168th St 

New “ork, NY 10032 
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VIEW, 87 
Aorta 
abdominal aortic aneurysms, diagnostic review 
and new technique (Gomes et al), CURRENT 
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cannulation of left main pulmonary artery for par- 
tial left heart bypass (Giannelli et al), How TO 
DO It, 260 
Cardioplegta 
coronarv arteriotomy with cardioplegia (Kirsh and 
Sloar), NOTE, 478 
ultrastructural integrity of human ventricular 
myocardium following cardioplegic arrest 
(Fiscker and Barner), 49 
Cardiopulmonary bypass 
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risxs and survivals (Chaffin and Daggett), 312 
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propranolol and coronary revascularization (Avery 
et al), 590 
pulmonary embolectomy (Pellegrini), 96 
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low-energy direct defibrillation of human heart 
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clavian artery, cause of mediastinal mass le- 
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Double-outlet right ventricle 
use of internal and external vascular conduits for 
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long-term sequential hemodynamic evaluation of 
right ventricular outflow tract reconstruction 
using valve mechanism (Ionescu et al), 426 

reoperation for coronary graft failure, clinical and 
angiographic results in 43 patients (Vouhé and 
Grondin), 328 

should we do Y- and sequential grafts for coronary 
bypass? (Sewell), EDITORIAL, 397 

use of internal and external vascular conduits for 
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(Rosenfeldt and Watson), 13 

HI, local cardiac hypothermia, experimental 
comparison of Shumway’s technique and 
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392 
radical enlargement of aortic root and outflow 
tract to allow valve replacement (Rittenhouse 
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risks and survivals (Chaffin and Daggett), 312 
posterior midventricular rupture after mitral 
valve replacement (Katske et al), 130 
prevention of air embolism after mitral valve re- 
placement with porcine heterograft prosthesis 
(DeLaria et al), HOW TO DO IT, 181 
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(Carpentier and Relland}, CORRESPONDENCE, 
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(Sealy), 536 
nitroprusside and epinephrine for treatment of low 
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endobronchial balloon tamponade of hemoptysis 
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SPONDENCE, 194; reply (Sehhat), CORRESPON- 
e DENCE, 195 
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“Collis-Belsey” fundoplication for uncomplicated 
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invasive thymic tumors (Meyer), CORRESPON- 
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praphaphorn et al), 80 
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placement with porcine heterograft prosthesis 
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the side of the form, and insert the proper code in the 
box provided in the upper left corner of the form. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit ti- 
tles, degrees, and appointments. 

3. Abstracts must be typed double-spaced. 

4,-When percentages are used, the absolute numbers 
of derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study 
being presented, with reference to the current 
state of research in the field. 

b. The methods of study or experimental ap- 
proach, clearly but briefly defined. 

c. Asummary of the results and/or conclusions of 
the study, including sufficient details to sup- 
port those conclusions. 

d. A statement concerning the significance of the 
work and its possible implications for future 
research; “results will be presented” is. unac- 
ceptable. 


In discussion of papers, the Society encourages a 
healthy spirit of constructive critical review and re- 
buttal by comments pertinent to the content of the 
paper being presented. Presentation of discussion in 
the form of “secondary papers” will not be wel- 
comed. 


Call for Surgical Films 

(Deadline: August 31, 1979) 

The popular surgical movie program will again be 
presented at the Atlanta meeting. The Program 
Committee hereby solicits the submission of surgical 
films, which may portray a surgical procedure or 
simply a technical maneuver that the surgeon thinks 
will be of interest to the Society. The film may not 
exceed 10 minutes in length. Sound movies are ac- 
ceptable but not necessary, and live narration by the 
principal surgeon is a requirement for participation 
in the movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for submission 
of films is August 31, 1979. Films also should be sent 
to L. Penfield Faber, M.D., Chairman, Program 
Committee, at the Society office, 111 E Wacker Dr, 
Chicago, IL 60601. 7 


W. Gerald Rainer, M.D. 
Secretary 


Abstract Cade 
Title 

Author(s) 
Address 
Abstract Code 
P = Pulmonary 
E = Esophagus 


CW = Chest wall 
Mediastinum 


T = Trauma 

TX = Transplantation 
H = Heart 

GV = Great vessels 
HV = Valves 

HC = Congenital 
HCA = Coronary 

HP = Pacemaker 


ECR = Extracorporeal 
circulation 
Pulmonary 
support 


END = Endoscopy 


F = Forum 
presentation 
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Preparation of Manuscript 


Illustrations 


Nomenclature and Statistics 


l Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place au- 
thor’s name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
“how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 11/2” margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper’s organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use the following style and Index Medicus journal abbreviations, and give complete publication 
data. Examples: 


Journal article: Munnell ER, Dilling E, Grantham RN, et al: Reappraisal of solitary bronchiolar 
(alveolar cell) carcinoma of the lung. Ann Thorac Surg 25:289, 1978 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Grillo HC: The thorax, in Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Little, Brown, 1972, p 243 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to 
the illustrations. Provide one legend for each illustration or grouped illustrations and number in 
sequence. 


The Annals can consider only a limited number of illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 
black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 
line drawing that contains no shading or wash can be reproduced well from a glossy photograph. A 
line drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Erratum, Ann Thorac Surg 
25:35, 1978). Authors are referred to these guidelines for appropriate terminology and methods of 
data analysis to be used in submitted manuscripts. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been completed will be provided at increased cost. 
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Several years ago, we introduced the Datascope 
ystem 80 Intra-Aortic Balloon Pump. Since that 
me it has proven itself to be the most reliable system 
ı the world. 

We just improved on it. With the new Datascope 
ystem 82. 

The System 82 is dramatically simpler to 
iderstand and to operate. Setting two prominent 
ide controls is essentially all that is needed for 
‘oper adyustment. 

To test its simplicity, we gave it to nurses who had 
>ver seen it before. With no instruction whatsoever, 
ey were able to understand and adjust each control. 

The System 82 is 50% quieter than its predecessor. 

It utilizes a revolutionary Electrosurgical 
terference Suppression Module, ESIS. In most 
ses, this device virtually eliminates RF 
terference due to electrocautery. Which means a 
ore reliable triggering signal. 

We’ve also improved the monitor itself. We made 
nor-fade. Which gives it a clearer, more effective 
splay. So you not only get a better display of patient 
ita, but also of system control signals. 

But we didn’t change everything. We’ve kept 
any of the things that made our System 80 so 
ccessful. 

We haven’t changed the unique Datascope 
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Dual-Chamber Balloon. * In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 
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Cardiac Pacing 





rate requirements. 


InterLith-RP provides the versatility you need to 
respond to your patients’ heart pacing requirements, 
both now and as they may change overtime. Using the 
InterLith-RP’s uncomplicated Programming Wand and 
Programmer, you can alter the stimulation rate of the 
pacemaker to 51, 55, 60, 65, 72, 80, 90, 103 or 120 pulses per 
minute. 

This programming flexibility, coupled with the 
uperior reliability of CMOS circuitry and the longevity of 
a proven lithium-iodine power source, enables you to 
respond to your patients’ changing rate needs. Under 
Intermedics’ superior Patient Lifetime Replacement 
Agreement, any InterLith-RP that fails during the 
datient's lifetime will be replaced at no charge with 
nother InterLith-RP or comparable state-of-the-art 
ntermedics pulse generator. 

The InterLith-RP combines versatility with Intermedics 
acemaker reliability to give you control and 

bnfidence in your heart pacing decisions. 

Versatility is just one important reason to put your 
onfidence in InterLith-RP 


















AterLith® is a registered trademark of Intermedics, Inc., Freeport, TX. 


5. VERSATILITY 


InterLith-RP. The versatile response to changing 





4@ Intermedics Inc. 


Our business is life. 








an over-the-counter remedy for ailin 


A GUIDE TO SCIENTIFIC WRITING 
By Lester S. King, M.D., former Senior Editor 
and later Contributing Editor, Journal of the 
American Medical Association 


WHY NOT SAY IT CLEARLY is unlike any other 
book on writing. 
It's not dull! 
It doesn't list grammatical rules. 
It doesn’t hand down a verdict on a sen- 
tence or its construction and leave you 
to figure out how to improve it. 


Every criticism Dr. King makes is explained 
and illustrated. WHY NOT SAY IT CLEARLY 
provides hundreds of examples from medical 
and scientific literature, shows you what is 
wrong, suggests improvements, and lets you 
judge the revision. 


WHY NOT SAY IT CLEARLY sensitizes you to 
bad writing so that you can make your writing 
smooth and clear. Dr. King also gives hints on 
how to begin writing, how to overcome 
writer’s block, how to deal with the ordinary 
frustrations of the creative process, and how 
to revise and edit. And no one could be bet- 
ter qualified to advise you than Lester S. King. 
His book rests on 16 years of editorial experi- 
ence with the Journal of the American Medi- 
cal Association. 


The critical awareness that this book can help 
you to develop is worth much more than the 
$5.95 WHY NOT SAY IT CLEARLY costs. Order 
your copy on 30-day approval. 


186 pages. 
Paperback, #493465, 
$5.95 


Little, Brown and Company 
Medical! Division 

200 West Street 

Waltham, MA 02154 





CLASSIFIED ADS 


As of May 1, 1979, The Annals of Thoracic Surgery will charge 
for classified advertising at the rate of $25.00 per 50 words 
per issue. Prepayment is required. 

Advertisements must relate only to situations in the 
thoracic and cardiovascular surgical specialties. All ads are 
subject to the approval of the Editor, and material deemed 
inappropriate for publication in The Annals will be rejected. 

Please submit full information with each ad, including 

name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned. All re- 
sponses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
1ortly after receipt. 
s must be submitted no later than eight weeks prior to 
‘blication month of the desired issue. Send ad and 
idable check (in the amount of $25 for every 50 
ds times number of issues ad is to run), payable to The 
inals of Thoracic Surgery, to: Herbert Sloan, M.D., 
ditor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 












SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 32, ABS and ABTS 
certified, completing additional fellowship in cardiovas- 
cular surgery, FLEX, seeks association in group or part- 
nership. 


Please respond to W-57, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 36, seeks position 
with group or association leading to partnership. ABS and 
ABTS certified; extensive training and experience in all as- 
pects of cardiac, thoracic, and vascular surgery, IABP, and 
postoperative hemodynamic monitoring. All geographic lo- 
cations considered. 

Please respond to W-139, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 34, ABS, university 
trained, seeks flexible type of practice. No geographic pref- 
erence. Available July, 1979. 

Please respond to W-147, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiac surgeon, 36, Board certified, full-time professor at 
university, wishes to relocate practice. Prefers Southeast. 
Available immediately. 


Please respond to W-178, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 47, FACS, ABS, 
ABTS, licensed to practice in northeastern US, seeks aca- 
demic position, group practice, or partnership. Presently 
Associate Professor and Chief of Service. Available imme- 
diately. 


Please respond to W-179, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Intensivist, Boards in Medicine, eligible in Anesthesia, 
wishes to join hospital or group involved in cardio- 
vascular-thoracic surgery. Extensive experience in preoper- 

* ative, intraoperative, and postoperative care of cardiac pa- 
tients. Medicine and Anesthesia residencies at prestigious 
medical center with large cardiac service. Prefers West 
Coast. 


. Please respond to W-180, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years’ 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


scm mecca 
Cardiovascular and thoracic surgeon, 41, married, 6 years’ 
experience in private practice consisting of cardiac, tho- 
racic, and vascular procedures, wishes to relocate with 
group practice or partnership with larger cardiac volume. 
University trained, ABS, ABTS certified, FACS. All loca- 
tions considered. 


Please respond to W-182, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 35, seeks position 


with group in busy private-or academic practice. Excellent 


university training in all aspects of cardiac and peripheral 
vascular surgery, additional pediatric cardiovascular fel- 
lowship, extensive bibliography, ABS certified, ABTS eli- 
gible. 


Please respond to W-183, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Fellowship in cardiac surgery desired by ABTS-certified 
graduate of university residency. Desires retraining in car- 
diac surgery, with operative experience. Board credit un- 
necessary. Availability and duration flexible. 


Please respond to W-184, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiac surgeon, 34, trained in major cardiac center, exten- 
sive experience in adult and congenital cases, seeks practice 
exclusively or predominantly in open-heart surgery. Cur- 
rently, staff cardiac surgeon in military. Completing Berry 
Plan, June 1980, after which will be ABS, ABTS certified. 


Please respond to W-185, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 37, ABS, ABTS cer- 
tified, seeks association with active surgeon or group lead- 
ing to partnership. University trained at leading southern 
medical center in all aspects of cardiac and thoracic surgery. 
One year in private practice. Prefers Rocky Mountain area, 
but will consider other locations. 


Please respond to W-186, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 33, university 
trained, seeks position. Experience includes adult and 
pediatric cardiac, thoracic, and peripheral vascular surgery. 
No geographic preference. Available July, 1979. 


Please respond to W-187, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Young, Board-certified general surgeon desires Board- 
approved residency position in thoracic surgery beginning 
July, 1979. 


Please respond te W-188, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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Thoracic and cardiovascular surgeon, 37, married, ABS, 
ABTS certified, FRCS, FACC with vast experience and with 
additional year of fellowship at the Cleveland Clinic. Avail- 
able immediately. 


Please respond to W-189, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and peripheral vascular surgeon, 37, ABS, 
ABTS, FRCS(C) desires relocation. Training at Cleveland 
Clinic in addition to excellent training in general thoracic 
and peripheral vascular surgery in another major US center. 
Currently in private practice. 


Please respond to W-190, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 





Cardiovascular trainee or Board-qualified surgeon wanted 
as of July 1, 1979. Must be interested in directing laboratory 
in myocardial preservation in northeastern medical school 
and participating in teaching program. Salaried at level of 
postdoctoral research fellowship with medical school ap- 
pointment. Limited clinical duties presently available. 


Please respond to A-103, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgery fellowship in 
university-affiliated hospital. One year, available July, 1979. 
Limited to thoracic, vascular, and cardiac surgery. At least 
3 years of general surgery training and Ohio license or 
eligibility required. Salary negotiable. 


Please respond to A-104, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted to join group 
in private practice in Atlanta. Practice limited to thoracic 
and vascular surgery. Board certification required. 


Please send responses to Mrs. DeEtte Jarman, P.O. Box 
1487, Smyrna, GA 30080. 





Fellowship in surgery available, beginning July 1, 1979, all 
levels. University-affiliated hospital, general surgery, all 
specialties included. Ohio license or eligibility for Ohio 
license necessary. 


Please contact Medical Education Department, St. Elizabeth 
Medical Center, 601 Miami Blvd, West, Dayton, OH 
45408; tel: (513) 223-3141, ext 417. 





Established thoracic and peripheral vascular surgeon 
seeking associate. Located in suburb of Washington, DC. 
Corporate benefits, excellent future. 


Please respond to Marvin L. Kolkin, M.D., 1015 Spring St, 
Silver Spring, MD 20910. 


Residency position, first year, available for July or August, 
1979. Two-year, fully-accredited program with comprehen- 
sive experience. 

Contact Capt B. L. Aaron, MC, USN, Chairman, Car- 
diofhoracic Surgery Department, Naval Regional Medical 
Center, San Diego, CA 92134; tel: (714) 233-2365. 


Special fellowship in cardiac surgery available July 1, 1979. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 


A La 





Cardiovascular-thoracic surgery fellowship, St. Paul Hos- 
pital, Dallas, TX. Positions available immediately or July 1, 
1979. Stipend is $22,500 plus malpractice and health insur- 
ance. Applicants must have training equivalent to eligibil- 
ity for General Surgery Boards. 

Contact Gerald F. Geisler, M.D., Chief, Thoracic and Car- 
diovascular Department, St. Paul Hospital, 5909 Harry 
Hines Blvd, Dallas, TX 75235. 





Southern Illinois University School of Medicine, Spring- 
field, IL. needs division chairman of thoracicd/cardiac sur- 
gery. University salary supplemented by practice income. 
Administration, teaching, research, patient care. Board 
certification in general and thoracic surgery and expegi 
ence in academic administration, teaching, and rese 
needed. 
Contact J. Roland Folse, M.D., Chairman, Southern IIN 
University School of Medicine, P.O. Box 3926, Springfiel 
IL 62708. Southern Illinois University is an Affirmative 
Action/Equal Opportunity employer. 





Cardiovascular and thoracic surgery fellowship available 
July 1, 1979, in active program. Rural setting. 


Please respond to Dr. Gerald M. Lemole, Deborah Heart 
and Lung Center, Browns Mills, NJ 08015. 


Thoracic and vascular surgeon, ABTS certified or eligible, 
wanted by group in southeast Florida. Practice limited to 
thoracic and major arterial surgery, with vascular laboratory 
facility. No cardiac surgery. 


Please respond to A-113, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Mature thoracic surgeon (pulmonary, esophageal), univer- 
sity trained, ABS, ABTS certified, seeks similarly trained 
associate in 400-bed hospital in Southwest. Practice limited 
to noncardiac thoracic and peripheral vascular surgery. 


Please respond to A-114, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and vascular surgeon wanted to join private prac- 
tice in Monterey Bay area of CA. No open-heart surgery 
performed. Applicant must be ABTS certified or eligible. 


Please respond to A-115, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


CCP or Board-eligible graduate of accredited two-year car- 
diovascular perfusion technology training program needed 
for open-heart surgery team at 410-bed, teaching hospital. 
Progressive program dating from 1959, modern equipment, 
desirable geographic location. 


Please contact G. Branston, Personnel Department, Blodgett 
Memorial Medical Center, 1840 Wealthy, SE, Grand Rapids, 
MI 49506; tel: (616) 774-7818. An EOE/M/F. 





Cardiovascular and thoracic surgical group in southern city 
seeks associate in growing practice of thoracic, cardiac, and 
vascular surgery. Vascular laboratory being initiated. Uni- 
versity affiliation available. 


Please respond to A-117, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Noncardiac esophageal/pulmonary surgical fellowship 
available beginning July 1, 1979, for one year. University- 
affiliated program, noncardiac pulmonary and esophageal 
surgery. Candidate must be ABTS certified. 

Please respond to Tom R. DeMeester, M.D., The University 
of Chicago Pritzker School of Medicine, 950 E 59th St, 
Chicago, IL 60637; tel: (312) 947-6924. 








C Surgery 
© ofthe 
Neonate 


y ARNOLD G. CORAN, M.D., Professor of Surgery 
and Head, Section of Pediatric Surgery; 
DOUGLAS M. BEHRENDT, M.D., Professor of Surgery, 
Section of Thoracic Surgery; 

WILLIAM H. WEINTRAUB, M.D., Associate Professor of 
Surgery, Section of Pediatric Surgery; and 
DENIS C. LEE, Medical Illustrator and Associate 
Professor of Art and Postgraduate Medicine; 

all at The University of Michigan 

Medical School, Ann Arbor 
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for practical = 
advice on a 
common surgical 
problems in 

the newborn 


Perfectly suited to the needs of surgeons and pedia- 
tricians, SURGERY OF THE NEONATE takes a new 
approach to neonatal surgery by emphasizing the 
details of operative techniques and by providing a te) 
directly keyed to accurate and descriptive illustration 
This atlas-text provides front-line advice on the man- 
agement of surgical problems in infants in the first 
three months of life. 


In words and in pictures, the authors detail the actual 
methods that have proved successful in their practice 
They carefully review the diagnosis, the preoperative 
preparation, the minute details of the operative proce 
dure, and the postoperative care of common anomali 
such as: 
cystic hygroma» esophageal atresia e pulmonal 
anomalies ¢ pyloric stenosis e duodenal obstruc 
tion e imperforate anus Ħ inguinal hernia ù biliary 
atresia e abdominal masses « diaphragmatic 
hernia e aortic arch anomalies « tracheostomy 
Because it focuses on operative procedures in an 
atlas-text format, SURGERY OF THE NEONATE is a 
unique reference that will serve as an invaluable sour 
of information for all health professionals concerned 
with pediatric surgery. 


272 pages, illustrated. #156353, clothbound, $35.( 


Use this coupon to order your copy of SURGERY OF 
THE NEONATE on 30-day approval. 


To: 


Little, Brown and Company 


Medical Division € 
200 West Street 
Waltham, Massachusetts 02154 


Please send me copies of SURGERY OF THE NEONATE 
Coran, Behrendt, Weintraub, and Lee (#156353, $35.00) on 30-d 
approval. Publisher pays postage and handling if check accom; 
panies orders. Please add sales tax if applicable. 





NAMO csa a ae 
Address 


City ~ State——— Zi 


(In Canada, order directly from J.B. Lippincott of Canada, Ltd., 
75 Horner Avex Toronto, Ontario, M8Z4X7, Canada.) 
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INTERMEDICS | 
PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac pulse genera- 
tors may be indicated for long-term treatment of impulse ° 
formation or conduction disorders resulting in symp- 
tomatic bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 

PRECAUTIONS Implanted pacemakers have a finite and 
relatively wide variable service life as a result of factors 
such as the initial capacity of the battery and the shelf 
storage time of the manufactured pacemaker, variations 
in electrode system resistances, stimulation rate, and the 
percentage of time the implanted pacemaker is inhibited; 
and random electronic component failures. 

Pacemaker operation can be influenced by electric, 
magnetic, or electromagnetic energy mimicking normal 
cardiac activity. In addition, certain environmental 
sources can couple sufficient energy into a pacemaker sys- 
tem to damage the pulse generator. Specifically, diathermy 
should not be used on pacemaker patients because of 
possible total inhibition of the pulse generator: elec- 
trocautery can inhibit and/or damage the pacemaker as 
well as cause burns or possible ventricular fibrillation; 
defibrillation can damage the pacemaker, and the pres- 
ence of the pacemaker may cause increased cardiac 
muscle damage from defibrillation. Certain electric 
gasoline-powered appliances can cause inhibition 
implanted cardiac pacemaker system. 

For complete precautions, see the Physician's Manual for 
the Intermedics cardiac pulse generator to be used. 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported. 


7 Intermedics Inc. 


P.O. Box 617 Freeport, Texas 77541 











WANTED: Back issues of The Annals of Thoracic 


Surgery. 


I wish to obtain: 
Vol. 2, No. 5, Sept. 1966 
Vol. 11, No. 2, Feb. 1971 
Vol. 13, No. 3, March 1972 
Vol. 22, Mo. 1, July 1976 


I'm willing to trade these extra copies: 
Vol. 1, No. 1, Jan. 1965 
Vol. 14, Nos. 2, 4, and 6, 1972 
Vol. 15, Nos. 1, 2, 3, and 4, 1973 


Contact: 
William H. Fleming, M.D. 
Thoracic-Cardiac Surgery 
University of Nebraska Medical Center 
42nd & Dewey Avenue 
Omaha, NE 68105 








Cardiac Pacing 
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interLith-RP. The reliable response to changing 


rate requirements. 


Now InterLith-RP combines a fail-safe rate program- 
ung system with the pacemaker reliability that has 
stablished Intermedics as a leaderin the pacemaker 
dustry. 

With a cumulative survival rate at twenty months of 
9.7%, the outstanding reliability of the InterLith-RP is 
upported by Intermedics’ Patient Lifetime Replacement 
greement. 

All InterLith-RP components are selected for superior 
ongevity and high reliability. This rate-programmable 
acemaker employs the same dependable CMOS cir- 
uitry and lithium-iodine power source which have prov- 
nysuccessful in other Intermedics pulse generators. 

The InterLith-RP combines rate programmability with 
igrmedics pacemaker reliability to give you control 
nd confidence in your heart pacing decisions. 

5 ‘Reliability is just one important reason to put your 
Optidence in the InterLith-RP 


terLith® is a registered trademark of Intermedics, Inc., Freeport, TX. 
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v- Intermedics Inc. 


Our business is life. 


* Patho ens don't L compromise. 
i Why ste you? 








Just one pathogen species missed an 
antiseptic can cause serious problems. | 
why scrubbing and prepping leave no room for 
compromise with the quality of an antiseptic. 

A small gieranco | in 1 cost is not worth the risk. 


-F BETADINE Microbicides et Po kill 
grem: positive and gram-negative bacteria, Uncompromising™ 


ungi, viruses, protozoa and yeasts. antisepsis for scrubbing 
BETADINE Microbicides have been and itty os 


documented specifically by name—and in the 
e same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. ® 
BETADINE Microbicides were also chosen | 
by NASA for disinfection procedures in Apollo 
- splashdowns and in the Skylab mission. 


a t ; 
: : F “In the rare instances of local irritation or sensitivity, 
ie — _——— BETADINE Surgical Scrub*—for surgical discontinue use by the individual. 


scrubbing and patient degerming. 
BETADINE Solution or BETADINE 


Aerosol Spray—for patient prepping and Purdue Frederick 
) postoperative antisepsis on incisions. ©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 068 
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